June 1985

QUANTIFICATION OF HUNGRY HORSE RESERVOIR WATER

LEVELSNEEDED TO MAINTAIN OR ENHANCE RESERVOIR
FISHERIES

Annua Report 1985

DOE/BP-12659-2




This report was funded by the Bonneville Power Adminigtration (BPA), U.S. Department of Energy, as part of
BPA's program to protect, mitigate, and enhance fish and wildlife affected by the development and operation of

hydrodectric facilities on the Columbia River and its tributaries. The views of thisreport are the author'sand do r
necessarily represent the views of BPA.

This document should be cited as follows:

May,Bruce Project Biologist, John Fraley, Project Coordinator, Montana Department of Fish, Wildlife and Parks, Mr.
John Ferguson, Project Manager, Bonneville Power Administration, Division of Fish and Wildlife, U. S. Department of

Energy, Contract No. DE-AI79-1984BP12659, Project No. 1983-465, 246 el ectronic pages (BPA Report
DOE/BP-12659-2)

Thisreport and other BPA Fish and Wildlife Publications are available on the Internet &t:

http://Mmww.efw.bpa.gov/cgi-bin/efw/FW/publications.cgi

For other information on eectronic documents or other printed media, contact or write to:

Bonneville Power Adminigtration
Environment, Fish and Wildlife Divison
P.O. Box 3621
905 N.E. 11th Avenue

Portland, OR 97208-3621

Please include title, author, and DOE/BP number in the request.



QUANTI FI CATI ON OF HUNGRY HORSE RESERVO R WATER
LEVELS NEHEED TO MN NTA'N (R BENHANCE RESERVOI R FI SHERI ES

Annual Report 1985
Prepared By:

Bruce My, Project Biologist
John Fraley, Project Coordinator
Montana Department of Fish, Wldlife and Parks
P.O. Box 67, Kalispell, Mntana 59903

Prepared for:

M. John Ferguson, Project Mnager
US. Departnent of Energy
Bonneville Power Admnistration
Division of Fish and Wldlife
Contract No. DE- Al 79- 84BP12659
Project No. 83-465

June, 1986



EXECUTIVE SUMMARY

This study is part of the Northwest Power Planning Council's
resident fish and wildlife plan, which is responsible for
mtigating danmages to fish and wildlife resources caused by
hydroel ectric devel opnent in the Columbia Rver Basin. The mgjor
goal of this study is to quantify seasonal water |evels needed to
maintain or enhance the reservoir fishery. This annual report
summarizes data collected from 1983-85.

Qperation of the reservoir has |arge inpacts upon the habitat
for fish food organisns and fish. The annual drawdown reduces
reservoir volume, volume in euphotic zone, surface area, wetted
bed, area of littoral zone and may weaken thermal structure

Hungry Horse Reservoir in 1985 was isothermal from about |ate
Novenber to April, thermally stratified fromJune until about md-
Cctober and ice-covered from md-Decenber to md-April. \ater
tenperature played an inportant role in determning fish distri-
bution and activity by regulating metabolism spawning periodicity
and food availability. Dissolved oxygen and pH had little direct
influence on fish distribution.

The zoopl ankt on communi ty was dom nat ed by Daphni a, D aptomus
and Cyclops. They conprised approximately 90 percent of the
bi omass 1 n 1984-85. Daphnia pulex, the primary zoopl ankter
consumed by gane fish, accounted for 13 percent of the bi'omass in
1984 and 10 percent in 1985 from May through August. Daphnia
bi omass peaked in August and Novenber while Diaptonus was high in
May June and November. In general, differences in abundance were
hi gher between seasons than areas. Length distributions of
Daphnia illustrated that |ength conposition chan?ed seasonal | y,
wth nmore large Daphnia present in late fall and winter.
Zoopl ankton was concentrated in the upper 15-20 mof the water
colum in the euphotic zone

The biomass of Diptera larvae in the occasional |l ydewatered
and permanent!y wetted zones was 6 to 13 tines greater than in the
zone annual ly dewatered. Diptera populations recolonized the
dewatered zone in the sumer and fall.

The distribution of surface insects in the reservoir was
tenPorally patchy. Aquatic Diptera biomass was highest in My,
declined during the summer, peaked again in September and Cctober
and decreased markedly in Novenber. Terrestrial insect bionass
was highest in the late sumrer and fall, but declined to
negligible levels in November. Area differences were small, and
therF was no significant difference between nearshore and of fshore
sanpl es

Terrestrial insects were the most inportant food item consuned
by westslope cutthroat trout, followed by aquatic insects and



zoopl ankton.  Hymenoptera, aquatic Diptera and _Daphni a_pulex
conprised the bulk of the food consumed. Cutthroat were selective
for the larger Daphnia pulex, feeding on individuals over 1.5 mm
in length. The diet varied seasonally with terrestrials and
aquatic insects prevalent in the sprin?, terrestrials in the
sunmer and fall, and Daphnia pulex in the Tate fall and winter.

Fish was the principal conponent of bull trout food habits
constituting over 99 percent of the biomass. Suckers, nountain
whitefish and northern squawfish weretheprimary fish species
consunmed by bull trout. The IR (Page 46) values overestimated
the inFortance of other food items as conpared to fish in the diet
of bull trout.

Mountain whitefish ate primarily Daphnia pulex, followed by
aquatic Diptera, Epishura and terrestrial insects. Their diet was
remarkably uniformwith [ittle seasonal change in food
consunption

It was difficult to assess the food habits of northern
squaw i sh because of the high rate of regurgitation.
Approxi mately 55 percent of the stomachs col | ected were enpt%.
Fi sh accounted for 90 and 98 percent of the biomass consuned by
juvenile and adult trout, reifectively. Suckers, nmountain
whi tefish, northern squawfish and bull trout were the primary fish
species eaten. Initial analysis of stomachs collected in My,
1985dindicated that squawfish were utilizing cutthroat during this
perio

Sanpling with horizontal gill nets, purse seines and el ectro-
fishin? gear indicated that fish distribution was controlled
primarily by water tenperature and food availability. Substrate
conposition and shoreline habit didn't appear to influence fish
distribution. Cutthroat trout were concentrated in nearshore
areas in surface waters when water tenperatures were bel ow about
17° C. Cutthroat noved into deeper offshore waters when surface
tenperat ure were above 18°C. Bull trout and nountain whitefish
had tenperature preferences simlar to cutthroat, but they were
nore benthic-oriented species. Northern squawfish preferred
war mer tenperatures than sal nonids. They noved into offshore
waters in Cctober when water tenperatures declined to bel ow 10-
12°C. A novement into nearshore areas occurred in the spring when
wat er tenperatures increased to above 10°C. The difference in
tenperature preferences between salnonids and squawfish resulted
in tenporal and spatial separation during nuch of the year, except
in the spring and fall.

The spawning run of westslope cutthroat trout into Hungry
Horse Creek has declined markedly froma high of 1,160 spawners in
1968 to 370 in 1985. Recruitnent of juvenile cutthroat has
dropped approxi mately 50 percent during the sane period.
Reservoir operation, habitat degradation and angler nortalities
appear to be factors which may have influenced these declines.



The catch rate of cutthroat by anglers in the fall also indicated
cutthroat(FopuIat|ons may have declined in the reservoir during
this perio

A total of 794 anglers were contacted during the reservoir
creel survey. \Westslope cutthroat trout conprised 76 percent of
the catch followed by bull trout (15.2 percent) and Muntain
whitefish (8.9 percent). The mean catch rate of 0.17 cutthroat
per hour of effort was higher than recorded in Libby Reservoir or
Fl at head Lake. The fall catch rate in HHR however, was
approximately 50 percent of that recorded from 1961- 69

A quantitative nodel is being developed to predict the inpact
of reservoir operation upon habitat, primry production, secondary
production and ganefi sh populatlons Particulate carbon will be
used to track energy flow through trophic levels. The nodel will
consist of a physical framework conponent within which wll run
the primary production, secondary production and fish submodels.
A growth-driven populat|on dynam cs sinul ation model will be used
to estimate inpacts of reservoir operation upon popul ation
dynan1cs of cutthroat and ra|nbow trout. Along termmonitoring
study (approximately 10 years) is needed to provide data for
validation of the nodels



ACKNOWLEDGEMENTS

The authors gratefully acknow edge the assistance of nunerous
persons associated with the study. Steve Gutting, Gary M chael
and Beth Mrgan spent many long hours in the field collecting data
under adverse conditions and many tedious hours in the [aboratory.
Beth had overall responsibility for processing collections of fish
food organisns, stomach sanples, and nounting scales. Steve was
responsi bl e for analyzing stream habitat and el ectrofishing data
and wote the prelimnary draft of stream habitat section, of the
report. @ry aged fish scales, summarized growth, fish trapping
and novenent data. He also prepared graphics and wote the
initial draft of the novement section of report. Joe Stewart, Paul
Suek and John Wachsnuth were able field hands. They hel ped
collect field data and naintain equi pnent, boats and vehicles.
Chuck Weichler assisted with the processing of zoopl ankton
sanpl es, data entry and data summaries for the food habits and
fish food parts of the report. He also wote several data summary
programs. Joann Jones assisted Beth in the [ab processing benthos
and surface insect sanples and nounting scales.

Del ano Hanzel assisted in computer work and he and Scott
Runsey aided in the preparation of the boat and barge for purse
seining. Joe Huston provided background information on reservoir
fish popul ations and tributary habitat. Dennice Gigg and Jean
Blair typed this and other manuscripts. Rich Gark provided data
on reservation operation and water levels in Hungry Horse
Reservoir. Ll oyd Reesman and Bob Ander son ( Hungry Hor se Ranger
District) provided a storage area and allowed us to use the cabins
at Anna and Betty OCreek.



TALBE OF CONTENTS

RESEWO ROPERATI ON.
FISHSPEQES . . . .

H storic Status

RESERVO R HABI TAT. .
PHYSI CAL LI MNOLOGY .
FI SHFOOD AVAI LABI LI
Zoopl ankton. .
Surface Insects.
Benthos . . . .
FOCDHABITS. . . . .

Y o

FISH ABUNDANCE AND DISI'RIBUTION. . . . . . . .. ...

Horizontal G|

Purse Seining.

Nets. . . . . . . . . ... ...

O O OO oo LW LW W W

10
10
10
11
11
11
12
12
12



Electrofishing. . . .
Fish Trapping . . .
FI SH MOVEMENT PATTERNS . .

CREEL CENSUS . . . . . ..

TR BUTARY HABI TAT. . . . .
Habitat Surveys . . .

Culvert Eval uations .

TRI BUTARY FI SH PCPULATI ONS
Popul ation Estimates.
RESULTSANDDI SCUSSION. . . .

Tenperature . . . . .

Dissolved Oxygen. . .

pH and Specific Conductance . . . . . . . . . ..

Euphotic Zone . . . .
FI SH FOOD AVAI LABILITY . .
Zoopl ankton . . . . .
Benthos . . . . . ..
Surface Insects. . .
FOOD HBITS. . . . . . ..

FI SHABUNDANCE AND DISTRIBUTION . . . . . . . . . ..

Horizontal GII Nets.
Purse Seine sanpling.
Electrofishing. . . .

Popul ation Estimates.

Vi

12
12
13
13
13
14
14
14
15
15
16
16
21
21
21
21
21
26
26
33
41
41
48
48
61
61

63



Fish Trapping . . . . . .
FI SH MOVEMENT PATTERNS . . . .
Veést sl ope Cut t hroat Trout
CREEL CENSUS . . . . . . . . .
GAMEFISH-..............
TRI BUTARY HABI TAT . . . . . .
Habitat Surveys . . . . .

Cul vert Eval uati on.

TRI BUTARY FI SH POPULATIONS . .

Popul ation Estinates.

| MPACTS OF RESERVO R OPERATI ON
Model Devel opnent . . . .
RECOWENDATIONS. . . . . . . . . .

LI TERATURECI TED.

Vii

oooooooooooo

............

63

70

70

73

77

77

77

77

83

83

83

83

86

88



10

11

LIST OF TABLES

Morphcnnetric data for Hungry Horse Reservoir. . . . . 5

The relative abundance of fish species in Hungry

Horse Reservoir as determned by gill net catches and
creel surveys from 1958 to 1983. Abbreviations are

given in parentheses. . . . . . . . . . . . . .. .. 8

Mnthly lake-filling and hydraulic-residence times
for low (1973) nedian (1980) and high (197ﬁg wat er
years in Hungry Horse Reservoir and for 1983-85 . . . 19

Sanpling efficiency (percent) of Wsconsin net

conpared with a Schindler plankton trap for 30m

vertical tows in three areas of Hungry Horse

Reservoir during 1983-1985. The schindler plankton

trap was assumed to be 100 Fercent efficient.

(E Enery, M Mirray, S: Sullivan, Corn: Conbined) . . 37

Conpari son of nmean bi omass (g*m~2) of aquatic
di pterans from benthos sanples collected in Hungry
Horse Reservoir, 1984 and 1985. . . . . . . . . . . . 40

Canpari son of nmean biomass (g+ha™1) of surface
insects col lected fromnear (<100 nj and of fshore
(> 00 m sanples from Hungry Horse Reservoir, 1984-85 44

Percent conposition by species and net type for gil
net catches from Hungry Horse Reservoir in 1983, 1984
and 1985. . . . .t i it h e e e e e e e e e e e e e 52

Reservoir elevations, surface water tenperatures and
water transparency for gill net sanpling dates in
Hungry Horse Reservoir, 1983 and 1984 . . . . . . . . 54

The percent age cpnPosition of westslope cutthroat
trout caught In gill nets set in Hungry Horse

Reservoir, 1983-84. Number of fish aged is givenin
parenthesis . . . . . . . . . . . . . ... 56

Age at mgration for westslope cutthroat trout caught
in gill nets in Hungry Horse Reservoir, 1983-84.
Nurmber of fish aged is given in parenthesis . . . . . 57

Electrofishing catch from shoreline habitat in
Sul livan area of Hungry Horse Reservoir, 1984, 1985 . 62

Viii



13

14

15

16

17

18

19

20

PAGE

Estimated nunber of spawners, sex ratio and nean

length of westslope cutthroat trout sPamning runs

into Hungry Horse Creek. The 95% confidence limts

IS given in parentheses as the percent of the point
estimate. . . . . . ..o 65

The catch of adult and juvenile westslope cutthroat
trout in downstream traps fished in tributaries to
Hungry Horse Reservoir, 1984, 1985 . . . . . . . . . 67

The nunber of westslope cutthroat trout tagged in the
Emery, Murray and Sullivan areas of Hungry Horse
Reservoir and the |ower South Fork of the Flathead

River fromHR to Meadow Creek (37 knm), and the upper
South Fork from Meadow Creek to Youngs Creek (106 km
upstreamfromHR). . . . . . . . oo 71

Movenent of recaptured westslope cutthroat trout

tagged in Hungry Horse Reservoir and the |ower part

of the South Fork of the Flathead River, 1983-8

Tabl e includes only fish which noved more than one
kKilometer...................... 72

Summary of contact creel census conducted on Hungry
Horse Reservoir, 1985 . . . . . . . . . . . . . . .. 74

Fishing method, residency and species sought by
anglers contacted during the creel survey conducted
on Hungry Horse Reservoir, 1985 . . . . . . . . . .. 75

Average length (mm and weight (grams) of westslope
cutthroat trout (wct) and bull trout (DV) harvested

by anglers from Hungry Horse Reservoir in 1985.

Standard deviation of the nean length is given in
parenthesis . . . . . . . . . . . ... 76

Average total-length at capture of westslope

cutthroat trout by age and mgration class in Hungry
Horse Creek, 1984 and in Hungry Horse Reservoir for

June, 1984. Nunber of fish aged is given in

parenthesis. . . . . . . . . . . .. ... 78

Monthly growth increments (mm of westslope cutthroat
trout in Hungry Horse Reservoir, 1985, as determ ned

by otolith analysis. The increnents were cal cul ated
fromthe fish's first Kear of growth in the reservoir
Percent of total growth contributed by each month is
given in parenthesis . . . . . . . . . . . . . ... 79



TABLE

21

22

Eval uation of westslope cutthroat trout passage at
culverts in 12 tributary streams to Hungry Horse
Reservoir. Measurenments were taken fromJune 5 -
July 13, 1984 during the cutthroat trout spawning
run.  The culverts were |ocated on the main access
road around the reservoir. C

Eval uation of westslope cutthroat trout passage at
culverts in 5 tributary streanms to Hungry Horse
Reservoir. Measurenents were taken from My 28 -
June 27, 1985 during the cutthroat trout spawning
run.  The culverts were |ocated on the main access
road around the reservoir. C e

PAGE

81

82



FI GURE

10

11

LIST OF FIGURES
PAGE

Map of Hungry Horse Reservoir showi ng study areas,
netting areas, water quality, vertical net and

zoopl ankton stations, fish trap location, and

el ectrofishing sections. . . . . . . . . . . .. .. 4

Annual maxi num drawdown of Hungry Horse Reservoir

for the years 1955-1984. Includes drafting for

flood control as well as power production. Reservoir

did not fill during 1973 and 1977. . . . . . . . . . 7

The relationship of reservoir elevation to surface
area, volume and shoreline length of Hungry Horse
Reservolr...................... 17

Longi tudinal cross-sectional profile of Hungry Horse
Reservoir at water surface elevations of 3,560 (full
pool ), 3,484:. 3,475; 3,432 and 3,336 . Co 18
Reservoir elevations in Hungry Horse Reservoir from

1983-85. . . . . . 20

| sopl eths of water tenperature (2°C) fromthe Enery
Station, Hungry Horse Reservoir, 1985. Shaded areas

are the preferred tenperature strata for cutthroat

trout (10°9-16%c) . . . . . . . . . . . . ... ... 22

| sopl eths of water tenperature (2°C) fromthe Mirray
Station, Hungry Horse Reservoir, 1985. Shaded areas
are preferred tenperature strata for cutthroat trout
(10° - 16°C) . . . . .. 23

| sopl eths of water temperature (2°C) fromthe

SulTivan station, Hungry Horse Reservoir 1985.

Shaded areas are preferred tenperature strata for
cutthroat trout (10°-16°). . . . . . . . . . .. 24

Euphotic zone depth in Hungry Horse Reservoir, 1984
and 1985 . . . . v 4 h v e e e e e e e e e e e e e 25

Seasonal bi anass (mg-M‘3) of the four nmost abundant
?enera of zoopl ankton averaged for all three areas

rom July, 1983 through August, 1985. Based on 30m
vertical "tow sanples from Hungry Horse Reservoir . . 27

Seasonal bi 0NMBSS (mg-M3) of the four nost abundant
genera of zooplankton in the Emery area from July,

1983 through August, 1985. Based on 30m verti cal

tow sanples from Hungry Horse Reservoir. . . . . . . 28

Xi



FI GURE
12

13

14

15

16

17

18

19

20

21

Seasonal bi onass (mg-M3) of the four nost

abundant general of zooplankton in the Mirray

area fromJuly, 1983 through August, 1985.

Based on 30mvertical tow sanples from Hungry

Horse Reservoir. . . . . . . . . . . . . . ... ..

Seasonal bi omass (mg°M~3) of the four nost

abundant genera of zooplankton in the Sullivan area
fromJuly, 1983 through August, 1985. Based on 30m
vertical tow sanples from Hungry Horse Reservoir .

Length frequency distributions (by 0.5mm | ength
classes) of Daphnia pulex captured in 30m vertical
tows in the Sullivan area and areas conbined in
Hungry Horse Reservoir, 1984 . . . . . . . . . . . .

Length frequency distributions (by 0.5mm | ength
classes) of Daphnia pulex captured in 30m vertical
tows in the Enery and Mirray areas in Hungry

Horse Reservoir, 1984. . . . . . . . . . . . . . ..

Tenperature profile and euphotic zone (EZ) and depth
distribution of the principal zooplankton at the

permanent Enery station for My, August, and Cctober,
L

Tenperature profile and euphotic zone (EZ) and depth
distribution of the principal zooplankton at the

permanent Mirray station of My, August, and Cctober,
R 7 S s

Tenperature profile and euphotic zone (EZ) and depth
distribution of the principal zooplankton at the
permanent Sullivan station for My, August, and
Qctober, 1984. . . . . . . L

Estimated bi omass (g'm~2) of aquatic diptera i n
benthos sanples fromthe Emery, Mirray and Sullivan
areas of Hungry Horse Reservoir, 1984. . o

Estimated bi omass (g-m~2) of aquatic dipterain
benthos sanples from the Enery, Mirray, and Sullivan
areas of Hungry Horse Reservoir, 1985. . o

The mean mont hl'y bi omass of terrestrial insects
g-ha™} col | ected in nearshore (<00 and of fshore

> 00n) sanpl es fromHungry Horse Reservoir, 1984-85.

Xi

PAGE

29

30

31

32

34

35

36

38

39

42



FIGURE
22

23

24

25

26

27

28

29

30

31

32

The mean nmont hly biomass of aquatic insects (g*ha-1)
col lected in nearshore (<l 0O and of fshore (>l
sanples from Hungry Horse Reservoir, 1984-85 .

Indices of relative anortance(ilﬂ) for westslope
cutthroat trout juveniles and adults collected in

Hungry Horse Reservoir (areas combined) during 1983-
1984 . & . L i e e e e e e e e e e e e e e e e e

I'ndices of relative inportance (IR) for bull trout
juveniles and adults collected in FMngrg Hor se
Reservoir (areas combined) during 1983-84. . . . . .

Indices of relative inportance (IR) for nountain
whitefish collected in Hungry Horse Reservoir
(areas conbined) during 1983-84. . . . . . . . . . .

Indices of relative inportance (IR) for northern
squawfish collected in Hungry Horse Reservoir
(areas conbined) during 1983-84. . . . . . . . . . .

The seasonal catches of fish caught in floating
and sinking nets in areas conbined from Hungry Horse
Reservoir 1983, 1984, 1985 . . . . . . . . . . . ..

Seasonal catches of fish cau%ht in floating gill nets
set in near-shore zones in the Enery, Mirray and
Sullivan areas of Hungry Horse Reservoir, 1983, 1984
and 1985 . . . . s i e s e e s e e e e e e e e e

Seasonal catches of fish caugpt in sinking gill nets
set in near-shore zones in the Emery, Mirray, and

Sullivan areas of Hungry Horse Reservoir, 1983, 1984
and 1985 . . . . .. . . L L

Upstream and downstream trap catches of westslope
cutthroat trout in Hungry Horse Creek trap by five-

day periods, 1985 . . . . . . . . . . . ... ...

The spawning runs of adfluvial westslope cutthroat
trout from Hungry Horse Reservoir into Hun%rg Hor se
Creek and subsequent juvenile emgration, 1968-85. .

Maxi num drawdown and end of Cctober drawdown for
Hungrr Horse Reservoir conpared to spawning runs of
westslope cutthroat trout Into Hungry Horse Creek
two years followng the drawdawns. . . . . . . . . .

Xiii

PAGE

43

47

49

50

53

58

59

62

68

69



Appendi x A

Appendi x B

Appendi x C

Appendi x D
Appendi x E
Appendi x F

Appendi x G

Appendi x H.

LIST OF APPENDICES

| sopl eths of water tenperature, conductivity, pH and
di ssol ved oxygen, 1984-85.

Data summaries of zooplankton, benthos and surface
insect collections, 1984-85.

Index of relative inportance values for food itens
in the stomachs of westslope cutthroat trout, bull
trout, nountain whitefish and northern squawfish,
1983- 84.

Average catch in floating and sinking gill nets for
fish species, 1983-85.

Length frequency diagrams for fish species captured
ingill nets, 1984-85.

Length frequency di airar_rs for cutthroat trout caught
in Hungry Horse Creek fish trap 1984-85.

Ta??i ng and return data for westslope cutthroat and
bull trout tagged in Hungry Horse Reservoir, its
tributaries and the South Fork of the Flathead
River, 1983-85.

The relationship between flow (cfs) and velocities

(fps) in culverts in Harris, Mlnernie, Mirray, NF.
Logan and Riverside creeks, 1984-85.

XV



INTRODUCTION

The Pacific Northwest Electric Power Planning and Conservation
Act, passed in 1980 by Congress, has provided a nmechani sm which
integrates and provides for stable energy planning in the Pacific
Northwest. The Act created the Northwest Power Planning Council
and charged the Council with developing a conprehensive fish and
wildlife programto protect and enhance fish and wildlife inpacted
by hydroel ectric developnent in the Colunbia River Basin.
Bonnevi | | e Power Adm nistration (BPA) is one of the many agencies
i npl enenting the Counml'sc%rogr_am The Hungry Horse Reservoir
(HR) study 1's part of the Council's program

A maxi num drawdown of 85 feet was recommended by Grahamet al.
(1982) for HHR  This recomendation was subsequently adopted by
the Council as part of its fish and wildlife ,orogram The maxi mum
drawdown proposal and tim ng of drawdown will be reviewed in [ight
of the data generated by this st ud?/, proposed changes in operation
anticipated due to "water budget" tlows and changing power demands
in the northwest.

Reservoir operation affects ganefish production by altering
t he physical environment through changes in reservoir
mor phonetrics such as surface area, water volume, nmean depth and
shoreline length. Annual drawdown for flood control andpower
Broducuon adversely affects dpr|mary productivity (Wods 1982),
pent hos production (Benson and Hudson 1975), and fish production
in reservoirs (Jenkins 1970). Gaham et al. (1982) indicated that
increased | evel s of drawdown in HR from1965to 1975 adversely
affected the growth and survival of westslope cutthroat trout
(Salm clarki lewisi).

W hypot hesi ze that reservoir operation may affect the
production of ganefish by:

1) Controlling the amount of reservoir area which collects
incoming solar energy and terrestrial insects;

2) Controlling the quantity and quality of habitats available to
phyt opl ankton and zoopl ankton (vol une of water) and benthic
Invertebrates (wetted reservoir bed);

3)  \eakeni n? the thermal structure of the reservoir bypassing
| arge inflow and outfl ow vol unes which subsequently reduces

zoopl ankton producti on;

4) Reducing the availability of food organisms and littoral zone
habi t at for gamefish speci es.



OBJECTIVES

This study proposes to quantify seasonal water |evels needed
to maintain or enhance principal gamefish species in Hungry Horse

Reservoir.

1)

2)

The specific study objectives are:

8yantify the amount of reservoir habitat available at
ifferent water [evel elevations.

Estimate recruitment of westslope cutthroat trout
juveniles from inportant spawning and nursery areas.

Determne the abundance, growth, distribution and use of
avai | abl e habitat by major game species in the reservoir.

Determ ne the abundance and availability of fish food
organisms in the reservoir.

Quantify the seasonal use of available food itens by
mej or fish species.

Devel op rel ationshi ps between reservoir drawdown and
reservoir habitat use by fish and fish food organisns,

Estimate the inpact of reservoir operation on major
ganmefishspeci es.



DESCRIPTION OF THE STUDY AREA

Hungry Horse Dam was conpleted in 1952 and the reservoir
reached full pool elevation of 3,560 feet msl in July 1953. The
dam i npounded the South Fork of the Flathead R ver eight km
upstreamfromits confluence with the Flathead River (Figure 1).
Hungry Horse is a large storage reservoir, operated by the Bureau
of Reclamation, whose primary benefits are flood control and power
production. The principal power benefit comes from generation at
downstream projects. \ater passes through 19 downstream projects
generating approximately 4.6 billion kilowatt hours of energy
annual Iy as conpared to 1.0 bhillion at the Hungry Horse project.

The South Fork drains an area of approximtely 4,403 kn2 on
the west side of the Continental Divide in northwestern Mntana.
The basin is underlain princi aIIY by sedinmentary rocks. The
drainage is alnost entirely within lands adm nistered by the U S
Kfrest Service with the upper part in the Bob Marshall W/ derness

ea.

WATER QUALITY

Water quality data collected during 1978 indicated that Hungry
Horse Reservoir was oligotrophic with [ow nutrient input and
primary productivity. Low nutrient concentrations, transparent
water and low algal standing crops are related to the basin's
geol ogy, conparatively pristine nature of the South Fork watershed
and reservoir norphology. Mst of the drainage area is underlain
by nutrient-poor Precanbrian sedimentary rock which is frequentl
deBcient in carbonates and phosphorous (Sinons and Rorabaug
1971).

MORPHOMETRICS

At full pool the reservoir is 56 kmin length with an area of
23,800 acres and a volune of 3,468, 000 acre-feet. Usable storage
for power production starts at elevation 3,336 nsland includes
2,982,000 acre-feet whichis 86.0 Percent of total full pool
volume.  Maxi num drawdown of 224 teet woul d | eave only 14.0
percent of full pool capacity (Table 1). The maxi mum drawdown on
record of 128 ft. in 1972 reduced the volume to 37 percent of full
pool.  The recomrended drawdown of 85 ft. reduces reservoir
vol ume to 53 percent of full pool capacity.

RESERVOIR OPERATION

Reservoir operation has varied considerably since HHR was
first filled. Hstoric operation can be classified into three
peri ods based on average annual maximum drawdown: 1) 1955-64 when
drawdown averaged 64 ft., 2) 1965-75 when drawdown averaged 92 ft.
and when drawdown for advance power began: and 3) 1976-1984 when
drawdown averaged 66 ft. Mxi mum drawdown has ranged from31 ft.

3
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Table 1. Mrphonetric data for Hungry Horse Reservoir.

Drainage area (sq. mles) 1,700 (4,403 sg. km
Average annual discharge (acre-ft) 2,386,918 (2. 95 cubic km) &/
Surface area (acres) 23,800 (9,632 ha)

Pool length (mles) 35 (56 km

Shoreline length (mles) 133 (213 km

Shorel i ne devel opment 5.95

Mean depth (ft.) 146 (44.5 m

Storage capacity (acre-f t) 3,468, 000 (4. 24 cubi ¢ km
Useabl e storage (acre-ft) 2,982,000 (3. 68 cubic km
Storage ratio 1.45

Elevation at full pool (ft) 3,560 nsl (1085.8 m

El evation at mini mumpool (ft) 3,316 msl (1011.4 m

&/Based on unregul ated flow from 1929-51.



in 1963 to 128 ft. in 1972, with a mean of 76 ft. (Figure 2.
Maxi mum dr awdown has been bel ow t he proposed 85-foot level in
ei ght of 30 years of record. \Vater requirenents for fish
mtigation efforts and changing power |oads may nodify reservoir
operation in the future

The operation of HHR is controlled by a conbination of
interacting factors including: flood control, generation of
hydroel ectric power, recreational use of the reservoir, resident
fish flows for the Flathead River and water budget flows. The
reservoir is drafted in the fall to provide advance power for
direct service industries. The major evacuation of water, however
occurs from Decenber through March for flood control and power
production. The reservoir is usually filled by the end of July
and remains at full pool until after Labor Day to provide summer
recreation oEportunities. Operation is also regulated to ?rOV|de
flows for kokanee spawning and incubation of eggs in the Flathead
River downstream from the mouth of the South Fork. From Cctober
15 to Decenber 15, flows in the Flathead River near Colunbia Falls
are mai ntai ned between 3,500-4,500 cfs. A mninmmflow of 3,500
cfs is maintained the remainder of the year for incubation of
kokanee eggs and for spawning and rearing of other fish species,
and aquatic invertebrate production.

FISH SPECIES
Hi storic Status

Prior to construction of Hungry Horse Damin 1952, the South
Fork Flathead River drainage was considered the major spawnin
area for adfluvial fish stocks fromFlathead Lake. ~Substantia
nunbers of bull trout and westsloEe cutthroat trout spawned in the
South Fork drainage along with smaller nunbers of nountain
whitefish amd kokanee sal non (Oncorhynchus Nerka Native fish
species in the South Fork drainage prior to dam construction
i ncl uded west sl ope cutthroat, bull trout (Salvelinus confluentus),
mountai n whitefish (Prosopium w |liansoni), northern squawfish
(Ptychocheilus oregonensis), largescale sucker (Catostonmus

macrochei | us), [ongnose sucker (Catostomus catostonus), pygmy
whi tefi sh-{Prosopium coulteri) and scul pins (Cottus sp.).

The native species conprise alnost the entire fish popul ation
in the reservoir. They are considered abundant except for pygny
whitefish which is rated as rare. (Table 2). Pygny whitefish may
be nore abundant than net data indicates, because they are not
vul nerable to being caught in shoreline net sets
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Tabl e 2.

The relative abundance of fish species in Hungry Horse

Reservoir as determned by gill net catches and creel

surveys from 1958 to 1983.

par ent heses.

Abbrevi ations are given in

Rel ative
Speci es Scientific nane abundances/
Native Species
West sl ope cutthroat Sal no clarki |ew si A
trout (WCT)
Bul | trout (DV) Sal vel inus confl uentus
Mount ai n whi t ef i sh (MAF) Prosopi unwi | | i ansoni A
Pygny whitefish (PwF) Prosopi um coul teri R
Nort hern squawfi sh (NSQ) Pt ychochei | us ogegonensi s A
Largescal e sucker (Csu) Cat ost onus macrochei | us A
Long- nose sucker (LnsSu) Cat ost omus catostanus A
Scul pin species Cottus sp. R
Exotic Species
Rainbow t r out (RB) §eiior dner i R
Yel | owstone cutt hroat Sal mo | ew si _bouvieri R
trout (YCT)
Arctic grayling (GR) Thymal lus arcticus R

él/Relativeabundance:

A = abundant, C = common, R = rare.

Q/Pygrry whitefish may be nore abundant than net catches indicated
because they inhabit deep Offshore waters and are not vul nerable

to shoreline net sets.



METHODS

General descriptions of nethods used to collect and anal yze
data are presented in this report. Detailed methods for the
Hungry Horse study were given in the 1985 annual report (My and
Zubi k 1985).

SEASONS

The year was stratified into four seasons based on reservoir
operation and surface water tenperatures.

1) Wnter (md-Novenber trout April) - when the reservoir is
evacuated for flood control and power production, surface
wat er tenperatures are below 8.0°C and the reservoir is
| sot her mal

2) Spring (May and June) - when the reservoir is refilled
and surface water tenperatures are between 8-15° and
i ncreasi ng.

3  Summer (JU|Y through md- Septenber) - when the reservoir
is near full pool, surface water tenperatures are between
16-22°C and the reservoir is thermally stratified.

4  Fall (md-Septenber through md-Novenber) - when drafting
of the reservoir begins for power production and surface
water tenperatures are between 8-159C and decli ning

RESERVOIR HABITAT

HHR was segregated into the Emery, Mirray and Sullivan areas
based on reservoir norphonetry and the effects of drawdown
(Figure 1).  Wthin each of thesé study areas a permanent station
was sel ected for water quality and zoopl ankton data col |l ection.
Vertical fish distribution and benthic macroinvertebrate sanples
were collected near these permanent sites. In addition to
permanent sanpling sites, transects were established across the
reservoir at visual |andmarks where randonmy selected zoopl ankton,
surface insect and purse seine sanples were collected,

The reservoir habitat was divided into nearshore (littoral)
and offshore(linnaic? zones. The littoral zone included the are
| ess than the depth of the euphotic zone (approxi mately 20 neters)
and less than 100 meters from the shoreline.

Contour maps of the reservoir were digitized by | o-foot
contour intervals for each geographic area

Monthly |ake-fill and hydraulic-residence tines were
calculated using the fornulas adapted from Wods (1982). Lake-



filling time represents the tine required to replace the volune of
a reservoir at a given inflow, whereas hydraulic-residence tine
represents the tine required to replace the volune of a reservoir
at a given outflow.

PHYSICAL, LIMNOLOGY

Wt er tenperature (°c), dissolved oxygen (mg-171), pH and
specific conductivity (unhos.cm | were measured at the pernmanent
sites. Measurenents were taken bimeele from May through Cctober
with a Martek Mark V digital water quality analyzer, and nonthly
from Novenber through march when access to the reservoir was
available. The vertical profile data were collected inmmediately
bel ow the water surface, 1, 2, 3, 5, 7, 9, 11, 13, 15, 18, 21 m
and every three neters down to 60 m then every five meters from
60 mto 100 mor the bottom Calibration of the meter was done in
the field from My through Cctober and in the Iaboratorﬁ
imediately prior to field neasurenents from Novenber throug
March when anpient air tenperatures were below freezing.

Light transmttance was measured in foot candles suing a
Protomatic photoneter. |Incident |ight was neasured inmmediately
above the water's surface. Light penetration was neasured at
depths of 90, 60, 30, 15, 5, 1 and 0.1 percent of the incident
light. Geeson et al. (1977) defined the |ower boundary of the
euphotic zone as the 1.0 percent of incident |ight depth.

- \Mter tenperature, dissolved oxygen, pH conductivity and
I[?ht transmttance profile data were entered into conputer data
files and transferred to the U S GCeol ogi cal Survey WATSTORE
system and the Environmental Protection Agency STORET system
| sopleth diagrans were generated using a conputer programtitled
STAMPEDE (Wods and Falter 1982). This database will be used in
correlation analyses of vertical zooplankton and fish distribution.

FI SH FGCD AVAl LABI LI TY
Zoopl ankton

Zoopl ankton densities were determned using Wsconsin plankton
nets. Three 30-mvertical tows were nmade biweeklyinthe Enery
and sullivan areas and weekly tows were taken in the Mirray area
from May through Novenber to reduce sanpling variability. The
EnerY area was sanpled through the ice in February. In each area
sanpl es were collected at the permanent |immological buoy and two
random y selected transects.

Vertical distribution of zooplankton was assessed using a 30-
liter plexiglass Schindler plankton trap (Schindler 1969). A
pl ankton trap sanple series consisted of duplicate sanples
col lected fromthe surface and every three neters down to 15 m
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then everr five nmeters down to 30 m Plankton trap sanple series
were collected nonthly in the three areas at the permanent
| i mol ogi cal buoys.

Standard | aboratory procedures were used to process the
zoopl ankton sanples. Five |.Om subsanples of each zoopl ankton
sample were counted and the plankters identified to genus
(Daphni a, Lept odor a, Bosm na, di apt onus, Epi schur a and Cyclops)
except for Daphnia pulex. The |.O-m random subsanples were used
to neasure a rePresentatlve sanpl e of carpace |engths from each
taxon. Biomass of zoopl ankton was cal cul ated using | engt h-wei ght
regressions in Bottrell et al. (1976).

Surface l nsects

Surface insects were collected with a net attached to a one-
meter wide frane with a renovable plexiglass bucket. Three
randomy selected sites were sanpled in each area biweekly from
May through Novenber. One tow was made within 100 m of the shore
and one further than 190 mfromshore. Each collection sanpled
approxi mately 600 of water surface. Al insects were
identified to order and weighed in the laboratory.

Benthos

Benthos collections were made nonthly from May through
Novenber using a Peterson dredge which sanpled 0.092 s?. neters of
reservoir bottom Three replicate sanples were taken from each of
the following depth intervals for a total of nine sanples: 1) full
pool elevation (3,560 ft.) to reconmended drawdown el evation of
3,475 feet; 2% recomended drawdown to naxi mumdrawdown on record
at elevation 3,432 feet; and 3) below elevation 3,432 feet.

- Al macroinvertebrates were sorted from the sanples, identi-
fied to order or class and wei ghed.

FOOD HABITS

Fish for food habits analysis were collected with gill nets
fromeach area of the reservoir during the seasonal gill net
series. Approxinmately twenty each of westslope cutthroat, bul
trout, and northern squawfish and six nountain whitefish were
col lected from each area seasonally. The annual total for the
entire reservoir was approximately 240 each for cutthroat, bull
trout, and northern squawfish; and 72 nountain whitefish.

Zoopl ankton were identified to genus, insects to order and
fish to species. The number, frequency of occurrence, and weight
of each food itemwas cal cul ated and conbined into an index tor
relative inportance (IR). The IR values range from0 to 100,
with a value of 100 indicating exclusive use of the food item



FISH ABUNDANCE AND DISTRIBUTION
Horizontal G || Nets

Standard experimental floating and sinking gill nets were used
to sanple fish in near-shore areas seasonally in each area. A
floating net set consisted of two floating nets tied end to end
(double floater) and fished perpendicular from shore. A sinking
net consisted of a single net fished perpendicular from shore.
In each area, seven double floaters and five sinkers were set in
the evening and retrieved the next morning (Figure 1).

Al fish were renoved fromthe nets, identified to species,
and length (nm and wei ght (? was recorded for each fish. Sex
and state of sexual maturity (ripe, spent, mature, inmature) were
recorded for ganefish. Scale sanmples were taken fromal |l gamefish
and representative nunbers fromnongane fish. Qoliths were
Eggiected from westsl ope cutthroat trout beginning in Decenber

Purse seining

A 183 mlong by 9.1 mdeep purse seine was used to collect
fish in the spring of 1985 in the Sullivan area. A total of 50
random y sel ected purse seine hauls were conducted fromNMay 6 -
May 17. Al fish caught were anesthesized, neasured, weighed,
tagged or marked and rel eased.

El ectrofi shing

Near - shore zones, in the Sullivan area, were sanpled in the
spring to determne the utilization of this habitat by westslope
cutthroat trout juveniles and capture adults for the tagging
effort. Sanpling was done at ni?ht using an el ectrofishing boat
with boom nounted electrodes. Pulsed direct-current of approx-
imately three anps and 200 volts was used to collect fish from
shoreline areas less than 2 neters in depth.

Fi sh Trappi ng

A downstream fishtrapand | eads covered with 6.4 nmsquare
mesh hardware cloth was fished in Enery Creek (Figure 1). An
upstream and downstreamtrap was operated in Hungry Horse O eek
Traps were checked twice daily and all fish were removed,
anest hesi zed, neasured and weighéd. Species, length, weight, tag
number and tag type were recorded for each fish. Al fish longer
than 250 mm were tagged with nunbered anchor tags and fish 100 to
250 mmin length were tagged with numbered dangler tags. Scales
were taken for age determnation fromrepresentative sanples of
fish from each stream
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FISH MOVEMENT PATTERNS

Vst sl ope cutthroat trout adults were tagged wi th Floy anchor
tags and the juveniles were tagged with Floy dangler tags. Fish
were captured with electrofishing gear, purse seine and gill nets
in the reservoir, whereas fish traps and angling were used to
collect cutthroat in reservoir tributaries and the South Fork of
the Flathead River. Tag returns were provided by voluntary angler
returns, creel census interviews and fish sanpling activities in
the reservoir and tributary streans.

GAMEFISH GROWTH

Total body length of cutthroat, bull trout and nountain white-
fish collected during the study was measured to the nearest mli-
neter. Body weight was determined to the nearest gramfor fish
wei ghing less than 500 grams. Scales were taken froman area just
above the lateral line along an imaginary |ine drawn between the
posterior insertion of the dorsal fin and the anterior insertion
of the anal fin. Qolith bones were renoved from cutthroat trout
and stored in envelopes in a dry state. Qoliths were aged by Dr.
Ed Brothers to determine growth during the first year that the
fish resided in the reservoir.

Cellulose acetate inpressions of scales were exam ned using
mcrofiche readers. Distances fromthe focus to annuli were
measured to the nearest mllineter using transparent plastic rules
and recorded directly onto conputer coding sheets.

Age and growth information was anal yzed using the FIRE 1
computer program descri bed bg Hesse (1977) and the AGEMAT program
devi sed by WP personnel . Body Ien?t h-scal e radi us rel ationships
are nost accurately described using log-1og plots constructed from
pool ed sanples of tt%butgry and | ake fish. Condition factors were
cal cul ated as (wx10°)/L>, where "W equal ed wei ght in grams and
"L" equaled total fish length in mllineters.

CREEL CENSUS

A partial creel census was conducted on Hungry Horse Reservoir
from My throu?h Cctober.  Anglers were interviewed at checking
stations established at the west abutnment of the damand at the
junction of the east side road (FS38) and Desert Muntain road
(FS590). The east side station was used exclusively in May and
June because the only |owwater boat ranp was |ocated on the
eastsi de at Abbot Bay. From July through Cctober each checking
station was used on alternate census days.

Al weekend and holiday days were sanpled, plus one weekda

per week. A census day began at 10:00 am and continued unti
sunset .
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Creel clerks interviewed fishermen on a party basis wth
enphasis on the collection of conplete trip interviews. Creel
data collected included: 1) area of reservoir fished, 2) nunber
of anglers in party, 3) total hours fished, 4) type of lure or
bait used, 5) angler origin, 6) whether fishing was from shore or
boat, 7) was fishing trip, inconplete or conplete, and 8) species
of fish sought, and 9) nunber of each species caught. In
addition, total lengths in mmand weight in grans were taken on
all ganefish, scales collected fromwestslope cutthroat trout and
tag returns recorded

Data obtained frominterviews were recorded directly on coding
forms and entered into the conputer. Mnthly, seasonal and
overal | catch rates were calculated by dividing the number of fish
caught by the total hours fished

TRIBUTARY HABITAT
Habi t at Surveys

Habi tat surveys were conducted on tributaries of HHR to
eval uate spawning and rearing habitat available to adfluvia
cutthroat and bull trout.

Streanms were divided into reaches according to valley
characteristics, streamgradient and stream order. act lengths
and gradients were calculated for each reach using a Nunonic 2400
Digittablet provided by the Flathead National Forest Service.

For each reach surveyed, a two-menber survey crew wal ked the
entire reach and recorded the follow ng: 1) square meters of
spawning gravel, 2) locations of bank instability, 3) location of
barriers, 4) stream pattern, 5) flow character, 6¥ width of valley
flat, 7) turbidity, 8) stage and 9) nunber of class I, Il, and IlI
Q%%%B)according to the classification system used by Gaham et al.

In addition, a nore intensive habitat survey was conducted in
a representative section within each reach which consisted of 30
random transects, one-neter w de across the stream The
information collected at each transect was recorded on stream
survey data sheets.

Stream reaches that were considered too steep or too small to
support an adfluvial fish population were not surveyed.
Furthernmore, when obvious natural barriers to fish mgration were
encountered, stream surveys were discontinued.

Cul vert Eval uations
Fi sh passage was eval uated at culverts installed in streans

crossing the main road around the reservoir. Flow and velocity
measurements were taken weekly during the spawning run of

14



westslope cutthroat trout. Length and dianeter of culvert, depth
of junp pool and height of junp into culvert fromthe pool was
als%jrecorded. Visual observations of fish passage attenpts were
not e

TRIBUTARY FISH POPULATIONS
Popul ation Esti nat es

Popul ation estinates were obtained on seven streans in 1983
and three in 1985 (Figure 1) to determne fish abundance. The
t wo- pass procedure (Zippin 1956) was used to make estimates in
streams wWith flowsl essthatabout 10-15 cfs. For streans with
hi gher flows the mark-and-recapture nethod was utilized (Vincent
1971). The section length for the mark-recapture estimte was
300 mas conpared to 150 mfor the two-pass nethod. In general
met hods outlined by Shepard and Gaham (1983a) were used.



RESULTS AND DISCUSSION
RESERVOIR HABITAT

Qperation of the reservoir has large inpacts upon the habitat
of fish food organisns and fish (Figures 3 and 4). The annua
drawdown and refill cycle causes |arge changes in surface area,
water volume and shoreline devel opment. The amount of littoral
area varies with the reservoir elevation along with volume in the
euphotic zone, volune in %referred tenperature ranges for
zoopl ankton and fish growth, and area of reservoir bottom
dewatered. The reservolr basin has been digitized by ten Foot
contour intervals. These data have been plotted and are in the
process of being verified. It will be incorporated in the
physical framework fishery nodel being devel oped by Dr. CGoodnan
(See Mdeling Section). The physical framework nodel will predict
tPe value of the paraneters discussed above at various reservoir
el evati ons.

The thermal structure of Libby Reservoir is also influenced by
the large seasonal inflow and outlfow volunmes (Wods 1982).
May hew ?1977) found that hydraulic residence tines appear to
i nfluence zooplankton production by reducing thermal stability.
Hydraul i c-residence tines of below one year were associated with
reduced zoopl ankton popul ati ons. Increased flushing rates
resulted in cooler water tenperatures and a corresponding |inear
decrease in zoopl ankton popul ations

Annual hydraulic-residence times in HHR vary considerably from
year to year (Table 3) but are generally above one. The nonthly,
resi dence tinmes, however, were belowone during 16 monthsfrom
1983-85. The variance in retention tines i s influenced |argelyhy
reservoir operation (Figure 5). Maxi mumdrawdown during this
study has ranged from45 feet in 1983 to 85 feet in 1985. The
reservoir was held at full pool for anmst eight weeks in 1983 as
conpared to about one week in 1985. The streamflows were below
average in the summer throughout the Colunbia Basin in 1985 which
resulted in the storage reservoirs being drafted to meet firm
power | oads.

Physical shoreline habitat and reservoir substrate appear to
have little direct influence on the distribution of westslope
cutthroat trout. Trout in lentic environments are forced to
actively seek food concentrations. Consequently there are nt
positive energy benefits accrued fromoccupying a feeding station
as thereisinlotic habits (Bachman 1982%. Cutthroat in HHR
appear to partition their time between an environment with
preferred tenperatures and an environment with abundant food. Tht
fish make forays for food into water with higher than perferred
tenperature, but feeding behavior doesn't overridei therre
pref erences.

16
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IONGTTUDINAL PROFILE OF HUNGRY HORSE RESERVOIR
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Figure 4. Longitudinal cross-sectional profile of Hungry Horse Reservoir at water surface
elevations of 3,560 (full pool), 3.484 3,475; 3,432 and 3,336.
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Table 3. Monthly lake-filling and hydraulieresidence times Eor low (1973) nedi an (1980) and high (1974) water years in Hungry
Horse Reservoir and for 1983-85.

Cumulative
Month Annual Max imum di scharge
Year Jan. Feb. ~ Mr.  Apr. My June July  Aug. Sept. Cct. Nov.  Dec. nean drawdown (ft) (AF)
Lake-Filling Tine (years)
1973 3.02 5,75 2.97 1.26 0.33 0.47 205 529 7.28 524 1.65 2.13 3.12 63 1,871, 00O
1974 1.12 2.37 162 0.38 0.22 0.16 0.64 3.03 531 6.59 420 4.53 2.51 111 3,574,000
1980 5.54 547 3.99 0.50 0.30 0.59 1.86 447 379 543 3.08 1.40 3.04 69 2,351, 000
1983  3.87 4.88 2.41 1.05 0.35 0.47 0.97 3.67 540 427 2.57 4.55 2.07 45 2,872,300
1904 1.98 3.50 2.31 0.73 0.37 0.34 134 4.60 461 3.8 358 4 38 2.64 68 2,202,900
1985 5.35 4.67 3.51 0.510.22 0.48 262 3.8 1.19 1.13 111 3.23 2.32 85 2,928,110

Hydraulic Residence-Tine (years)

1973 0.62 0.57 1.94 1.53 4.14 26.21 1.14 0.87 7.23 0.89 1.54 4.18 4.24

1974 0.74 054 0.36 0.21 0.82 1.47 0.87 215 115 0.70 0.47 0.57 0.84
1980 3.92 631 11.99 16.81 14.37 1.03 2.11 2,19 118 1.89 1.25 0.72 5.31
1083 1.15 0.8 1.03 0.54 0.87 492 1.08 258 0.80 0.79 3.73 0.71 1.59

1384  1.02 0.59 077 1.92 1.24 35 839 138 103 1.27 2.22 0.8 2.06
1985  0.54 0.53 0.62 3.66 13.00 1.88 0.96 0.58 0.62 0.97 6.41 0.66 2.54




3, 560
Il 1985

3,540

3,520 4

3,500 -

3480 ﬂ
3 J FPM A MJ JA S OND
s 3,5601 1984
5
S 3,540
{U ]
>
4]
=

3,520 4

3,500

J FMA M J A S OND

3,560 1983

3,540

3,520

J F VA M J AS 0 ND
Mont h

Figure 5. Reservoir elevations in Hungry Horse Reservoir

from 1983-85.



PHYSICAL LIMNOLOGY
Tenperature

Surface water tenmperatures ranged fromo0.0° to 23.0° during
1985 (Figures 6, 7, and 8). Ice formation generally began in the
upper part of the reservoir in late December and the entire
reservoir was usually ice covered by md-January. lce-out in 1985
occurred sometime during the last week of April. Thermal strati-
fication in 1985 occurred about the first week of June and
continued through Septenmber. The reservoir is generally
i sothermal during the winter and spring. The preferred
tenperature range of 10-16°C for cutthroat trout (H ckman and
Ral ei gh 1982) is depicted in Figure 6, 7 and 8. The water vol ume
fenlclorrpa55| ngt heset enperatures was greatest in the spring and
all.

D ssol ved xygen

The dissolved oxygen levels in HHR have been above the optimal
level s of 7 ng/liter (H ckman and Ral ei gh 1982) required by cut-
throat and shoul dhavelittle inmpact on fish distribution. The
| evel s which have been in the 8-10 no/liter (Appendix A) range are
adequate to sustain healthy aquatic [ife (Davis 1975).

pH and Speci fi ¢ Conduct ance

The pH values in HHR ranged from7.4 to 8.9 with values in the
7.8 - 8.5 range nost common (Appendi x A). These values are within
the range recommended for the protection of aquatic life (Thurston
et al. 1972) and for cutthroat trout (H ckman and Ral ei gh 1982,
and Sekulich 1974). Specific conductance neasurements in HHR
ranged bet ween 110- 150 unhos/ om (Appendi x A).  These val ues were
on the lower end of a productivity scale described in MKee and
Wl f (1963).

Euphot i ¢ Zone

The depth of the euphotic zone varied seasonally and anong the
geographic areas in 1984 and 1985 (Figure 9). = The seasonal
variation was largely due to changes in the anount of incident
light reflected at the water surface as the angle of the sun
changes from perpendicul ar (Wetzel 1975). \Wave action al so
reflects incident light at the water surface, and sedinment input
during run-off was responsible for rapid attenuation of |ight
transmssion.  The euphotic zone of 2.5 to 22.0 nmtended to be
deeper than recorded 1n Libby Reservoir (Shepard 1985). Runoff
fromthe South Fork of the Flathead River, carrying |large

uantities of sediment, was responsible for shallow euphotic zone
epths in the Sullivan area from April through June.
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FISH FOOD AVAILABILITY
Zooplankton
Standing Crop

The zoopl ankt on conmmuni ty was dom nat ed by Daohni a, Di aptonus
and Cycl ops (Figure 10). They conprised 93 and 90 percent of the
bi omass in 1984 and 1985, respectively (Append x Bl-B8). Bosnina
Epi schura and Leptodora contributed the remai nder of the bi onass
to the annual total. Daphnia pulex, the primary zoopl ankter
consuned by ganme fish, accounted for 13 percent of the bionmass in
1984 and 10 percent in 1985 from May through August.

The seasonal progression in zooplankton abundance changes from
year to_>{ear depending primarily upon water tenperatures and food
availability (Martin et al. 1981). Daphnia bi OMass_jn 1984 was
low in the spring, igcreased to a peak of 220 mg.m™ in August,
declined to 51 ng.m™ in Septenber and increased in Novenber,
before declining again in Decenber (Figure 10). Daphnia pul ex
abundance followed closely that recorded by Daphnia. Daphnia
popul ations in 1985 were 1ovs in the spring and increased through-
out the sunmer to 321 nmy.# > in August. During 1984, Diaptonus
bi omass was high in the spring, deglined in the sumer, increased
inthe fall to a high of 96 rTP.m“ , ‘t*hen declined in Decenber.
Cycl ops abundance was hi ghest from Septenber through Novenber and
declined markedly in Decenber. A simlar pattern of abundance
occurred in the spring and summer of 1985.

In general, differences in abundance were |ess between the
areas than the differences between the seasons (Figures 11, 12,
13).  Seasonal progression of zooplankton populations in the
Sul'l'ivan area tended to Iag behind the other two areas due to | ow
water tenperatures and high sediment input fromthe South Fork of
the Fl athead River during spring run-off. Leathe and G aham
(1982) found no significant 1nterstation differences in
zoopl ankters i n Flathead Lake.

Lengt hs

Length distributions of Daohnia pulex, the primary zoopl ankter
e(z?:t_ en by 1%amefd| sth,) ethl bi t edDac%ns_l deraltbl e sleaf)so%%l variat i otn
igure 14 and . Larger _Daphnia pulex (>I. Were nos
abundant in April, My and Decenber. During Decenber, 93 percent
of the Daphnia pulex were larger than 1.5 mm in length and 58
percent were greater than 2.0 nm (Appendi x B9). Even though
Daphni a pul ex popul ations declined in December, alnost the entire
popul ation was in the |arger size E_roulps which are utilized by
cutthroat and mountain whitefish. ittle difference occurred in
| ength frequency distributions between the Enery and Mirray area.
The Sullivan area population in Aiaril, May and Novenber had nore
individuals larger than 1.5 mmin [ength than the other two areas.
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Vertical Distribution

The Schindler trap was used to assess the seasonal depth
di stribution of zooplankton in HHR (Appendix Bll, B12 and B13).
Zoopl ankt ondensities were higher during the day above the 15-m
depth than below (Figure 16, 17 and 18). Cenerally, the major
concentrations of all zooplankters were above the euphotic zone
whi ch makes them available as food to nost fish species

Efficiency

The Schindler trap is considered to be a very efficient
zoopl ankt on sanpl er (Schindler 1969, Prepas and Rigler 1978) and
it was used to determne the sanpling efficiency of the Wsconsin
tow net. There was trenmendous variation in sang]ing ef ficiency
anong areas, nonths and zoopl ankton taxon (Table 4).  The
efficiency for Daphnia ranged from 31 to 286 percent and averaged
100% Bosmina, Diaptomus and Cyclops efficiencies also varied
widely with their nmean efficiencies greater than 100 percent.
Thus, it appears that the Wsconsin plankton net was at |east as
efficient as the plankton trap. Shepard (1985) also found the
Wsconsin net nore efficient than the Schindler trap in Libby
Reservoir. Leathe and Graham (1982) found no differences in
zoopl ankt on numbers between the two sanpling techniques in
Fl at head Lake, except the Schindler trap was more efficient in
col | ecting Daphni at horat a.

Benthos

Dipteran larvae and ol i gochaetes conprised over 99 percent of
t he bent hi ¢ comuni ty bi omass(Appendix B4, BI5 and B16). In 1984
and 1985, Diptera made u% 83.6 and 54.6 Percent of the benthos
sanpl es, respectively. They were the only benthic taxon which
were an inportant food item of reservoir fish. Diptera bionmass
was generally |ow dur|q? the spring (in My and June), increased
during the sumer and declined in the fall (Figures 19 and 20).
The biomass was influenced by the enmergence patterns of Diptera
whi ch had peaks in the spring and fall. The standing crop in the
dewatered Sullivan area was a noticeable exception. Diptera
recol oni zed the dewatered zones in the sumer and fall which
resulted in an increase in biomass in the fall.

The bi omass of Diptera in the occassionally dewatered and
permanently wetted areas was 6 to 13 times greater than in the
areas which were annual |y dewatered. These differences were
compared using a paired t-test, and were found to be highly
significant, (Table 5). The adverse effects of reservoir drawdown
upon bent hi ¢ macroinvertebrates has been well docunented in the
literature éBenson and Hudson 1975, Baxter 1977, Fillian 1965, and
Paterson and Fernando 1969).
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Table 4. Sanpling efficiency (percent) of Wsconsin net conpared with a Schindler plankton trap for
30 mvertical tows in three areas of Hungry Horse Reservoir during 1983-1985. The schindler
plankton trap was assumed to be 100 percent efficient. (E Emery, M Mirray, S: Sullivan,

Corn:  Conbi neq).
_Dapbnia_ - - _Bosmina _ —.—_Diagptomus_____ Cyclops
Month_ ___Year E M S Com -E- M S Com B M S Com _E. M S Com
Sept enber 83 143 102 158 130 125 163 395 195 43 199 150 152 20 134 221 119
August 83 158 147 286 197 88 175 260 182 125 239 207 180 15 225 197 140
Cct ober 83 127 132 -- 129 85 127 -- 100 143 228 -- 189 178 167 -- 173
Novenber 83 94 225 ——137 77 132 -- 103 172 452 - 253 126 410 -- 1%
December 83 254 193 - - 206 140 369 -- 355 293 129 - 163 317 189 -- 236
Nay 84 58 91 150 84 89 176 278 220 96 173 106 121 88 202 87 113
June 94 49 35 — — 46 170 ——170 128 40 -- 85 72 97 - 82
Jul'y 84 34 41 62 39 65 319 246 189 37 78 94 50 46 79 95 66
August 84 53 46 57 52 60 60 58 59 91 77 63 80 82 64 66 71
Septenber 84 88 82 56 71 100 123 89 103 123 218 75 120 139 206 87 138
Cct ober 84 3. 60 86 51 30 41 101 42 104 97 89 98 43 72 136 70
Novenber 84 81 108 221 164 73 104 203 138 91 123 223 172 116 123 125 122
Decenber 84 — 58 -- 58 -- 103 -- 103 -- 164 -- 164 -- 151 -- 151
June 85 104 76 45 85 396 115 150 203 164 40 26 64 48 33 20 39
July 85 63 36 32 48 63 43 48 57 57 52 24 50 57 61 32 57

Mean 96 95 115 100 107 148 183 148 119 154 106 129 96 148 107 118
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Tabl e 5.

Conparison of nean bionmass (g°m™2) of aquatic dipterans from

bent hos samples col | ected i n Hungry Horse Reservoir, 1984 and

1985.

1984
Number of sanpl es 81 81 81 81
Mean bi onass 0.093 0.583 0.093 0.510
SD 0. 134 0.779 0.134 0. 459
Mean di f ference 0.490 0.417
Paired t-test 7.06 1.84
Test statistic (P=99) 2.58 2.58

1985
Nunber of sanpl es 180 180 180 180
Mean bi omass 0. 029 0. 385 0. 029 0. 268
S.D. 0. 050 0.431 0. 050 0. 386
Mean difference 0. 356 0.239
Paired t-test (p=99) 11.02 8.23
Test statistic (p=.95) 2.58 2.58
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Surface Insects

The distribution of surface insects in the reservoir was
tenporal |y patchy. Aquatic insects were represented al nost
entirely by Diptera, ereas the mgjority of the terrestrials
consisted of, in decreasing order, Hynenoptera, Col eoptera,
Honoptera and Hemiptera (Appendix B17 and B18). The seasona
progression of terrestrial biomass was simlar in 1984 and 1985
(Figure 21). The staqping crop was high in My and June ranging
from0.73 to 2.98 g-h&~ tow during July, increased in August an
Septenber to peaks of between 2.43 to 19.00-g.ha™, then declined
rapidly in Novenber. The biomass of aquatic Diptera was highest
in My ranging from0.63-0.81g. ha- , declined i-r&une, July and
August, increased in Septenber to about 0.20 g.ha and decreased
markedly in Novenber (Figure 22). These food resources were nost
abundant in the spring and fromAugust to about m d-Cctober

Terrestrial insects appeared to be nore abundant in the Emery
area in 1984 than in the Mirray and Sullivan areas. However, this
trend did not continue into 1985 and was probably due to the large
sanpling variation associated with the patchy distribution of the
surface insects.

Paired t-tests indicated that there was no significant
differences between nearshore and of fshore standing crops of
insects (Table 6). This is at least partly due to the large
sampling variances of the insect tows. The Mirray area was
sanpl ed weekly in 1985to reduce the sanpling variance, but the
standard deviation remained high (4.394 for Inshore sanples and
3.770 for offshore sanples). These val ues were higher than
recorded in the Emery area and the offshore zone in the Sullivan
area where the sanple frequency was only biweekly.

FOOD HABITS
Vst sl ope Cuthroat Trout

Food anal ysis was conducted on stomachs from 282 west sl ope
cutthroat trout collected from HR during 1983-84 (Appendix Q).
Stomachs fronthethree reservoir areas were anal yzed together
since little variation in feeding preferences could be attributed
to geographic area. Food habits information will be utilized to
al l ocate tood resourcs in the growh subnodel

Terrestrial insects were thenost inportant fooditem consumed
by westslope cutthroat on an annual basis, followed by aquatic
i nsects and zoopl ankton (Figure 23?. menoptera, aquatic Diptera
and Daphnia pul ex conprised the bulk of the individuals eaten from
the respective major groups. Cutthroat selected for the larger
Daphnia pulex, feeding primarily on individuals over 1.5 mmin
length (May and Zubik 1985).
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Table 6 Conparison of mean biomass (g+ha™!) of surface insects
coll ected fromnear (<100 m and of fshore (> 00 n
sanples from Hungry Horse Reservoir, 1984-85.
Aguatic I nsects- - - Terrestrial Insects
Near shor e Offshore Nearshore of shore
------- 1984
Nunber sanpl es 99 99 99 99
Mean bi omass 0. 30 0.23 5.01 4,05
S.D 0. 65 0. 50 21. 31 19. 60
Mean difference 0.07 0.96
Paired t-test 0.85 . 033
Test statistic 1.96 1.96
(P=.95)
1985
Nunber sanpl es 160 161 160 161
Mean bi omass 0.25 0.19 1.50 0.97
SD 1.00 0.46 4,02 3.26
Mean difference 0.06 0.53
Paired t-test 0.69 1.29
Test statistic 1. 96 1.96

(p=.
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The diet of westslope cutthroat varied seasonally in response
to food availability (Appendix C2-09). Both juveniles and adults
ate primarily terrestrial insects (IR=82) in June with aquatic
Dipteran [ IRI=25) and Daphni apul ex (IR=9) second and third in
| nportance, respectively. Terrestrial insects were the nost
inportant food itemeaten during the summer and fall with the IR
usual 'y above 90, while the IR of aquatic Diptera was between 4
to 27.  The exception to this general pattern occurred in August,
1983, when aquatic D ptera were the chief food ingested by
juvenile cutthroat. \Wen terrestrial insects were no |onger
available in the late fall and winter the cutthroat swtched to a
&iet conprised primarily of Daphnia pulex followed by aquatic

ptera

The food habits of cutthroat trout in |akes are highly
variable and are influenced by the availability of food itens,
subspecies of cutthroat trout and species conposition of the fish
community.  Westslope cutthroat trout food habits in HHR were
simlar to those found in Flathead Lake (Leathe and G aham 1982),
Li bby Reservoir (MMillin 1979) and some northern |daho | akes
(Bjornn 1957, Jeppson and Platts 1959). Cutthroat from Libby
Reservoir fed nore intensively on Daphnia than those fromHR

Bul | Trout

The stomachs of 193 bull trout collected from HHR in 1983- 84
were examned for food items. Approximtely 30 percent of the
stomachs were enpty. Fish was the principal conmponent of the bul
trout diet conprising over 99% of the biomass eaten (Appendix C20-
C36). Northern squawfish and mountain whitefish were the dom nant
species consumed by juvenile bull trout. Adult bull trout ate in
order of inportance, suckers, mountain whitefish and northern
squawfish. = There was little evidence of cannibalism and
west sl ope cutthroat were only occassionally ingested

The IR val ues overestimated the inportance of other itens as
compared to fish in the bull trout food habits (Figure 24).
According to IR values, zooplankton, terrestrial insects and
aguatlc Insects formed an inportant part of both juvenile and
adult bull trout diets. The IR formula overestimted the
I nportance of thesefood itenmsbecauseof their conparatively high
nunbers and |ow biomass in conparisontothe |ow nunber of fish
eaten wi th hi gh bi omassval ues.

The food habits of bull trout were remarkably uniform through-
out the year, consisting primarily of fish. Bull trout fed on
mountain whitefish in the spring and fall, northern squawfish in
the summer and suckersinthefdl and ee_rI%/Wrter. Bil trau in
Flashead Lake al so consumed prinmarily fish (Leathe and G aham
1982).
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Mount i anWhi t ef i sh

The food habits of mountain whitefish were determned by
exam ning 128 stomachs collected from HHR in 1983-84 (Appendix
d). Muntain whitefish ate primarily Daphniapul ex in 1983-84
followed by aquatic insects, Epischura and terrestrial insects
(Figure 25). The diet was uniformwth little seasonal changes in
food consunption (Appendi x C37-C44). Daphnia had an IR value of
between 84 to 99 for all time periods sanpled The IR values for
aquatic Diptera ranged from3 to 30. Leathe and G aham (1982)
found that nmountain whitefish in Flathead Lake fed primarily on
Eﬂ?hnia thorata and exhibited little seasonal variation in food
abits.

Nor t her n Squawfi sh

Accessing the food habits of northern squawfish was difficult
because of the high rate of regurgitation of the stomach contents.
Approxi mately 55 percent of the 175 squawfish stomachs col | ected
were enpty. In addition, the biomass found in stomachs with food
was | ow (Appendi x C45-(59).

There were mnor differences between the food habits of
juvenile and adult northern squawfish (Figure 26). The juveniles
consumed, in order of inportance according to IR val ues, Daphnia,
fish, terrestrial insects, and aquatic Diptera. Over 90 percent
of the biomass was fish, which indicates that IR val ues under-
estinmated the inportance of fish in the diet of juvenile
squawfish.  Adult squawfish feed primarily upon fish, which
constituted over 98 percent of the diet. Suckers, mountain whijte-
fish, northern squawfish and bull trout were the primary fish
species eaten. Initial analysis of stomachs collected in md- My
1985 indicated squawfish utilized some cutthroat trout juveniles
during this period

Chlﬁ mnor seasonal variations occurred in the food ingested
by northern squawfish. Juvenile fed primarily on insects and fish
during nost of the year except in the late fall when they ate
zoopl ankton and fish. Adults utilized fish in the spring, sumer,
and fall along with ninor amounts of insects. Squawfish were not
collected in the Decenber gillnet sanples, indicating they had
moved of fshore and becone inactive with the cooler water
t enper at ur es.

FISH ABUNDANCE AND DISTRIBUTTON
Horizontal GI1 Nets
Factors Influencing GI| Net Catches

Estimation of fish abundance by the relative index method
requires that gill net sanpling be done at sinmlar |ocations and
times each year. It is especially critical that water
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Hgure Indices of relative inportance (IR) for
mountain whitefish collected in Hungry Horse
Reservoir (areas conbined) during 1983-84.
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Fi gure 26. Indices of relative inportance (IR) for northern
squawfi sh collected in Hungry Horse Reservoir
(areas conbined) during 1983-84.
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tenmperatures and reservoir elevation be standardized. Wth this
sanpling design, the conplex interrelation of factors ianuencinP
catch are mnimzed and catch-per-unit of effort is proportiona
to relative species abundance. Indexes derived from catch-effort
data can be used to determne year to year changes in popul ation
SIZ%, speci es conposition and other vital statistics. (Valburg
1969

Catch Conposition.

A total of 7,415 fish were caught from 1983-85 in shoreline
sets of 696 floating and 205 sinkin? gill nets. Westslope cut-
throat trout domnated the catch of floating nets conprising 41.8
to 54.1 percent of the catch (Table 7). Northern squawfish were
al so an Inportant constituent of the floating net catch making up
26.6-45.7 percent of the sanple. The nost abundant species in the
sinking net catches was nountain whitefish (36.7-40.4 percent of
the catch) followed by northern squawfish, suckers, and bul
trout. The catch conposition of fish in floatin% and sinking nets
has varied little annng the years, except in 1985 when northern
squawfish catches in floating nets were less than in previous
years

The variance in catch of species by net type indicated that
cutthroat trout inhabit the upper part of the water colum when
they are distributed in the littoral zone. [In contrast, mountain
whitefish, suckers and bull trout were nore closely associated
with the reservoir bottom Northern squawfish appeared to be
di spersed throughout the water colum in the nearshore habitat.

\West sl ope Cutthroat Trout

The catch of westslope cutthroat trout in floating gill nets
varied considerably with the month and season of the year
(Figure 27). Reservoir elevation, surface water tenperature and
euphotic zone depth-are given for the sanpling dates in Table 8.
Cutthroat were concentrated in surface waters 1n nearshore zones,
except in the sunmmer when water tenperatures were above 17-18°C.
Mean net catches in 1985 ranged froma low of 0.6 fish per net in
August to 3.5 fish per net in May with an internediate catch of
1.3 in the fall. COverall the 1985 catch of 1.8 cutthroat per net
was higher than the 1.2 fish per net recorded in 1984. This
difference in catch was probably due to sanpling variance rather
than actual population changes between the two years

~Sinking gill nets have been used to monitor fish popul ations
in HAR from 1958 to 1981 (Gahamet al. 1982). Mean catches
during the period in the spring and fall have ranged from 0.8
cutthroat per net in the 1955-64 period to 1.2 fish per net in
1978 and 1980, indicating a conparatively stable popul ation. Cut-
throat trout mean catches in 1984 and 1985 were 0.2 fish per sink-
ing net (Appendix D). This decline in catch may be the result of
a reduction in the cutthroat trout population or sampling error,

51



Table 7. Percent conposition by species and net type for gill
net catches from Hungry Horse Reservoir in 1983, 1984

and 1985.
L e Percent of Catch
Speci es ——Floating Nets | ———Sipking Nets __
1983 1984 1985 1983 1984 1985
Viést sl ope cutt hroat
trout (WCT) 43.9 41.8 54.1 2.3 1.4 0.8
Bul | trout
(DV) 3.4 5.8 8.4 9.4 14.0 16.5
Mountain whitefish
( WIE) 11.5 4.2 8.4 40.4 36.7 38.3
Northern squawfish
(NSQ 39.6 457 26.6 22.8 22.8 23.1
Largescal e suckers
(CY 1.4 2.2 2.4 10.1 9.1 8.7
Longnose sucker
(LNSU) 0.2 0.3 0.1 15.0 15.9 12.5
Total fish caught 712 1147 711 963 2110 1772
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Table 8. Reservoir elevations, surface water tenperatures and water transparency for
gill net sanpling dates in Hingry Horse Reservoir, 1983 and 1984.

Surface water Dept h
Reservoi r t enperature (%) euphotic zone (n
Dat e el evation-ft) Ehary Mrray Sullivan Emery  Mrray  Sullivan
1983
71 26- 28 3, 560 16. 6 17.8 17.2 -==
8/ 23- 25 3, 560 20.6 20.6 20.0 18.3 19.1 18.9
9/27-29 3, 549- 3, 547 14.7 14.8 13.9 26.0 18.5 20.5
10/31-11/2 3,534 8.6 8.4 8.0 23.0 16.5 19.3
11/29- 30 3,536 7.1 6.5 --- 20.5 14.0
12/14-16 3,534 4.3 20.3 16.5 19.1
1984
4 24- 27 3,500 4,2 5.6 5.7 15.1 10.3 5.2
5/ 30-31 3,519-23 10.5 9.9 8.6 14.5 13.0 5.8
6/ 26- 28 3, 549-51 17.0 19.6 18.4 17.8 14.3 8.3
8/13-22 3, 557-59 20.0 21.0 20.0 18.3 16.7 16.3
10/11-15 3, 541- 40 12.6 12.1 17.8 19.6 14.6
1985
5/14-21 3,512-3, 522 7.2 8.1 7.1 12.0 7.5 3.9
8/14-20 3, 545- 3, 544 20.1 18.3 20.1 15.8 14.0 17.0
10/31-11/4 3, 524- 3, 527 7.9 8.3 8.0 13.6 14.8 11. 4




resulting fromdifferent netting |ocations and water tenperatures
bet ween the sanpling periods. A reduction in the 1985 spawning
run into Hingry Horse Qreek fronprevious years and | ower catch
rates of cutthroat in the fall by anglers indicated a snaller
popul ation in the reservoir than in preceeding years. Overall,
the various sanpling techni ques suggested that cutthroat
popul ations in HHR may have declined in recent years.

Vst sl ope cutthroat trout floating net catches in 1985 were
different among the reservoir areas, with the Sullivan area
recording the highest nean catch followed by the Emery and Mirray
areas (Figure 28). The nean catches for the three areas were 2.5,
2.1 and 1.3 fish per net, respectively. The larger catch of
cutthroat in the Sullivan area was probably due to an extensive
littoral zone with associated food resources, and proximty to
maj Or Spawni ng Strearns.

Cutthroat caught in gill nets ranged in total |ength from 157
to 505 mm (Appendix El). The length frequency of catch varied
anong the years and seasonally, with fish under 250 nm conpri sing
| ess of the catch in 1985 than in previous years. The sex ratio
of cutthroat varied between 1.8 to 2.8 fenales per nale and
averaged 2.4 females/male. This is nmuch [ower than the sex ration
of cutthroat in the Hungry Horse Creek spawning run which has
ranged from 3.7 to 8.6 females per male.

- The gill net catches consisted primarily of age four and five
fish in the spring (89 percent of the catch) as conpared to age
three and four fish in the fall (76 to 92 percent of the catch
(Table 9). The cutthroat trout popul ation consisted primarily of
mgration classes three and two (Table 10). This mgration class
structure was conparable to that recorded for outmgrant juveniles
from Hungry Horse Creek in 1984.

Bul | Trout

Bull trout catches in sinking nets varied nonthly and
seasonal ly in a pattern simlar to cutthroat éFigure 27). The
nean catches were largest in the spring, internediate in the fal
and lowest in the sumer. The 1985 catch of 4.7 and 3.8 fish per
net in the spring and fall, respectively, was 0.6 fish per net
less than in 1984, Overall catch rates were simlar to those
recorded in HHR in the 1970's (Huston, 1972, 1974 and 1975).
However, they were hiﬁher than recorded in Libby Reservoir (Huston
et al. 1984) and Flathead Lake (Leathe and G aham 1982).

Mean catches of bull trout among the three areas in the spring
sanples were quite simlar ranging fromb5.4 fish per net in the
Mirray area to 5.6 fish per net in the Emery area (Figure 29).
Fal | catches varied between 2.6 to 3.6 fish per net in the Ener
and Sullivan areas, respectively. Overall the highest nean catc
was recorded in the Sullivan area for the 1983-85 sanpling period

(Appendix D).
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Table 9. The percent age conposition of westsl|ope cutthroat
trout caught in gill nets set in Hungry Horse

Reservoir, 1983-84.  Nunber of fish aged is given in
par ent hesi s.

4 5 6 I

Fall, 1
15(11)  33(23) 43(30)  8(6)  I(1)

1(1) 4(4) 4(4)  45(43) M4 1(1) (1)

Fal |, 1984
5(2)  51(21) 41{17) (1) -- -
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Table 10, Age at mgration for westslope cutthroat trout caught
in gill nets in Hungry Horse Reservoir, 1983-84
Number of fish aged is given in parenthesis.

Age at
gration Fall 1983 Spring 1984 Fal | 1984 Conbi ned

| 3% (2) 3% (5) 3% (1) 3% (8)
I 41%(29) 23% (38) 23% (9) 27% (76)
i 51% (36) 63% (107) 68%(21)  61%(170)
v 506 (3) 119%(19) 8% (3) 9% (25)
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Figure 28. Seasonal catches of fish caught in floating gill nets set in near-shore zones in the
Hmery, Murray and Sullivan areas of Hungry Horse Reservoir, 1983, 1984 and 1985S.
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‘The largest bull trout caught during the 1983-85 sanpling
period was 910 nmin length and wei ghed 6808 g. The mean length
of bull trout in the spring net catches averaged between 349-350
mm while the fall range was from 349-463 nm (Appendix E2).

Mountain Witefish

Mountai n whitefish have conprised from 38.3 to 40.4 percent of
the catch in sinking nets during the present study (Table 7). The
seasonal catch varied in response to changes in activity patterns
influenced primarily by water tenperatures and spawning novenents
The |argest mean catch of 22.3 fish per net was recorded in the
fall of 1984, while the smallest mean catch of 1.3 fish per net
occurred in August, 1983 (Figure 27). Catch rates were al so
quite variable fromyear to year and anong the three reservoir
areas. Differences in water tenperatures during the fall sanplin?
has contributed to the [arge variation in catch among the fal
sanmpl es. Tenperatures have ran%pd from approximately 8.0°C in
1983 and 1985 to 12.0°C in 1984 (Table 8). Standardization of the
fall sampling to the last part of October when surface water
tenperatures are approximately 8.0°C shoul d hel p reduce the
variance in the catch of nountain whitefish and other species.

Overal | catch rates of mountain whitefish in the spring and
fall were higher in the Mirrray and Sullivan area than in the Enmery
area (Appendix D and Figure 29). Muntain whitefish and bul
trout appear to have simlar tenperature and habitat preferences
which results in the two species being closely associated. This
80f?unts for whitefish being an inportant food itemin the diet of

ull trout.

The length frequency distributions of mountain whitefish
collected in the spring and fall are given in Appendix E3.
Muntain whitefish caught in gill nets have varied from 125 to 505
mmin total length. The nean length of the gill net catches
ranged from274 nmin My, 1984 to 306 mmin Cctober, 1985.

Northern Squawfish

~ Northern squawfish have conprised a substantial part of both
sinking and floating gill net catches (Table 7). The catch of
squawfish has been consistently higher in the sumer than in the
spring and fall (Figure 27). Squawfish becone |ess active when
wat er tenperatures decline bel ow 12°c, and nove into deeper
of fshore waters in the fall and remain there throughout the wnter
(Scott and Crossman, 1983). Mean catches during the summer ranged
from8.3 to 10.0 fish per sinking net as conpared to 1.5-4.1 per
floating net. The catch in sinking nets was nuch nmore consistent
among the years than in floating nets. Average catches of
squawfish were conparable in the Emery and Mirray areas, but
markedly less in the Sullivan area (Figures 28 and 25{.
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The length-frequency distributions of northern squawfish
collected during the study in the sunmer sanpling period are given
in Appendix E4. Squawfish ranged in total length from 63 to
585 nmwith the largest fish weighing 1,723 g. The distribution
was skewed with the vast majority of the fish caught under 250 nm
Fish in this category conprised 69.3, 83.3 and 80.8 percent of the
catch in 1983, 1984 and 1985, respectively.

Suckers

Suckers conprised approxinmately 24 percent of the catch in
sinking nets and onIK 2 percent of the floating net catch (Table
7), indicating that they are closely associated with the substrate
In nearshore areas. Qverall, longnose suckers were more abundant
in the net catch than largescal e suckers (Figure 27 and Appendi x
D). The catch of suckers was much higher in the sumrer than in
other seasons. Sucker catches were fairly consistentanmongthe
areas except the catch of |ongnose suckers which was marked
higher in the Emery area than in the other two areas. Annua
catches varied frommeans of 2.9 to 4.1 fish per net for |arge-
scal e suckers as conpared to 4.6 to 7.8 fish per net for |ongnose
suckers. The length frequency distributions for the two species
are given in Appendix Eb5.

Purse Seine Sanpling

A total of 50 randomy selected purse seine hauls were made in
the Sullivan area from May 6-17, 1985. The catch consisted of 8
westslope cutthroat trout, 16 bull trout and 176 nountain white-
fish. Floating gill net catches of 3.7 cutthroat per net during
the same period indicated that cutthroat were abundant in the
nearshore areas. However, these littoral areas could not be
sanpled with the 30-foot deep purse seine. In addition, cutthroat
apFeared to be distributed patchily rather than randonly in the
Sullivan area during the spring. This conbination of patchy
distribution and higher nearshore densities of cutthroat violate
the assunptions for the area density estimator (Everhart and Young
1975) and nade it inpossible to obtain a valid population estimate
for cutthroat. Purse-seine sanpling was not suitable for
estimating bull trout and nountain whitefish popul ations, because
these were benthic oriented species which were not collected
efficiently.

El ectrofi shing

Shoreline habitat in the Sullivan area was el ectrofished
seasonal |y in 1984, and in the spring of 1985.  \stslope
cutthroat trout catches were highest in spring of 1984 ranging
from4.6 to 10.0 fish per hour of electrofishing (Table 11).
Cutthroat were not collected in JU|K, 1984 when surface water
tenmperatures were 19.4%indicating they had noved of fshore into
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Table 11. Electrofishing catch from shoreline habitat in Sullivan area of Hungry Horse Reservoir, 1984,
1985.

Surface Water

Hours  Temperature _Cutthroat Trout ___Bull Trout ___ Mountain Whitefish Northem

Date fished (c® Adults Juveniles Adults Juveniles Adults Juveniles Squawfish Suckers
1984

5/2 1.6 6.9 2.5 3.1 0.6 1.9 4.4 39,4 1.3 10.7

5/9 2.0 8.2 8.0 2.0 1.0 — 6.5 10.0 — 25.0

5/10 2.6 8.4 2.7 1.9 — — 3.1 1.9 _— 20,4

7717 2.1 19.4 _ — — — o 0.8 — a/

7/18 1.5 19.4 — _— _— _— — 18.5 3.1 108.5

9/11 1.8 16.1 1.1 — — — 2.2 29.4 —_ &/

9/12 .2 16.1 .05 05 — .05 3.6 26.4 — a/
1985

5/22 2.7 7.5 _— — 1.9 1.5 b/ b/ b/

5/28 2.0 8.0 1.5 — _— 0.5

5/29 2.9 8.0 1.4 _— 0.3 0.3

5/30 2.0 8.0 — _— 0.5 —

3/ Suckers not collected but they were numerous in the littoral habitat.
b/ Mountain whitefish, northern squawfish and suckers were not collected in May 1985.



deeper (cooler) waters. Cutthroat were again caught in the
nearshore habitat in September when surface water tenperatures had
declined to 16.1°C

During the spring and fall, mountain whitefish juveniles were
generally the nost abundant fish in the nearshore areas. In
contrast, suckers were very nunerous during the summer and early
fall months. Conparatively few northern squawfish and bul | trout
were captured during the electrofishing sanpling

Popul ation Estimate

An attenpt was made to obtain a mark-recapture estimte for
westslope cutthroat trout in HHR ~ The nigratory nature of
cutthroat in the reservoir makes it difficult to obtain an
estimte. Adult fish marked in 1985 were not available to anglers
in the reservoir frommad-My until August because they were in
the tributaries spawning. st fish tagged in 1984, on the other
hand, were in the reservoir in 1985 since most cutthroat spawn in
al ternate years (Huston, 1974). Thus, our estimate was based on
cutthroat marked in 1984 as spawners or spent spawners _and
recaptured in 1985 by anglers and gill net catches. This
met hodol ogy made it difficult to nmeet the assunptions of a mark-
recapture estimate. Nevertheless, it did provide us with a
rough approxi mation of the number of adult cutthroat in HHR. W
estimated aifopulation of 17,818 adult cutthroat in HHR in the
spring of 1984. Thenunber of recaptures was |ow, consequently
the standard deviation was high, (6,690 fish). W will attenpt to
rragelgrgoYre reliable estinmates of cutthroat trout nunbers in 1986
an :

Fi sh Trappi ng
Hungry Horse

The upstream trap was operated in Hungry Horse Creek in 1985
from May 29 through June 30. A total of 154 adult westslope
cutthroat trout were passed through the trap during the spawning
run. The peak of the upstreamrun took place fromJune 5 to June
20 (Figure 30). The highly skewed sex ratio of 8.6 females to LO
mal es (Table 12) indicates the first part of the run, which is
primarily nales, was not sanpled. Hgh water during this period
precl udedeffici entoperation ofthetrap. Spent spawners were
first collected in the downstreamtrap on June 14 and nearly al
spent fish had left the stream by July 17. The sex ratio of
adul ts caught in the downstreamtrap was 4.7 fenal ses: 1.0 nal es.
The total estimated run in 1985 was 370 fish with an average size
of 375 and 370 mmfor nales and females, respectively. st of
the fish were longer than 350 nmin total Iength (Appendix F).

The emgration of juvenile westslope cutthroat trout was

nonitored fromJune 13 to Septenber 12 when high flows forced the
trap to be removed. A total of 1212 juvenile cutthroat were
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Table 12, Estimated nunber of spawners, sex ratio and mean |ength
of westslope cutthroat trout spawning runs into Hungry
Horse Creek. The 95% confidence limts is givenin
parentheses as the percent of the point estimte.

Esti mat ed Sex ratio
Year run Mal e © Fenmal e Male Female
1968 1160 1.0 © 3.7 373 368
1969 1050 (3.7 1.0 : 5.3 368 371
1970 1001 (3.9 1.0 © 5.6 358 361
1971 702 (3.2 1.0 6.2 350 358
1972 590 (3.6 1.0+ 4.0 371 358
1984 388513.8 1.0 : 4.4 375 370
1985 370(14.8 1.0 :© 8.6 374 374
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passed through the downstreamtrap during this period (Table 13).
These fish averaged 146 nmin total length and ranged between 46
and 240 nm The Ien?th frequency distributions are given in
Appendi x F2. The mean length of the jweniles declined each nonth
fromJune to September, indicating that older fish mgrated
earlier in the sumrer with younger fish noving downstream l[ater in
the sumrer and fall. Age Il (21 percent) and [l (68 percent)
fish conprised most of the 1984 juvenile mgrants and probably
nost of the 1985 emigrants

The number of juveniles caught in the downstreamtrap has
declined froma high of 2,700 in1969 to 912 in 1984 and 1,213 in
1985 (Figure 31). A corresponding decline in the nunber of fish in
the spawning run has occurred from 1968 (1,160 spawners) to 1985
(370 spawners).  These reductions in the nunbers of spawners and
juveniles has Erobably resulted from a conbination of factors
whi ch include changes In reservoir operation, habitat degradation
I'n Hungry Horse creek fromlogging activities and angler caused
nortality of spawners. Huston (1973) attributed the reduction in
the sFamnlng runs from1968-71 to an increase in the reservoir
nortality rates of juvenile and adult cutthroat. Reservoir
operation changed beginning in 1966 when a fall drawdown was
i ntroduced and maxi num drawdown increased (Figure 2). The
spawni ng runs two years subsequent to the drawdown are depicted in
Figure 32. The assunption was made that nmost of the nortality
woul d accrue to the juveniles during their first year in the
reservoir and this would be reflected in a |ower spawning run two
years |ater.

A noderate fall drawdown in 1967 coupled wth a nmaxi mum annua
drawdown of 115 feet appeared to effect reservoir nortalities.
The spawning run in 1969 declined by 110 fish from 1968.

Thecjmenile emgration in 1969 of 2,700 fish was the highest
recorded, yet the spawning run two years later in 1971declined
300 fish from 1970. The fall drawdown in 1969 was the | argest
recorded and probably caused increased juvenile nortality. The
fall drawdown in 1970 was also quite large and the spawning run in
1972 declined by 112 fish from the previous year.

The spawning continued to decline from590 fish in 1972 to 388
in 1984, The maxinum and fall drawdowns during this period ranged
from40 to 110 ft. and 0.0 to 64 ft, respectively. The average
fall drawdown from 1973-83 of 24 feet was identical to the 1966- 72
mean, whereas the mean maxi num drawdown of 73 feet was 17 feet
| ess from 1973-83 than from 1966-72. This indicates that the fal
drawdown may i nfluence survival of cutthroat juveniles.

The decline in the juvenile recruitment fromthe early 1970%
to 1984-85 was probably related to inadequate seeding due to
reductions in the spawning run and habitat degradation resultin?
fromlogging activities in the drainage. In addition, removal o
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Table 3. The catch of adult and juvenile westslope cutthroat trout in downstream traps fished in tributaries to Hungry

Horse Reservoir, 1984, 1985,

L9

Juvenjiles Adult
Range Range

Period and mean and mean

trap Days length of length of
Stream operated operated catch (mm) June July Aug, Sept Total catch (mm) June July Aug. Total

2 /
Clark 07/11-07/> 20 117<152<205 64 64 3)& -— -=- -
Emery 06/26-08/03 37 92<142¢215 53 355 1 - 409 311<360>395 6 8 - 24
Forest 07/11-08/14 33 118<170<258 143 7 — 150 8) 350<385>405 — 10 - 10
Hungry >orse 06/30-08/09 40 52<143<225 11 912 57 980 285<369>593 162 1 183
Quintonkon 07/13-07/30 17 104164208 — 23 —  — 23 6) 341<375>410 — - — 7
1985

Emery 06/08 07/29 42 96<139<202 109 92 - - 201 345<369>410 11 4 - 15
Hungry Horse 06/13 09/12 91 46<146<240 359 760 67 26 1212 273<374>430 165 75 2 242

a/ Juvenile bull trout caught in parentheses.
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Figure 31. The spawning runs of adfluvial westslope cutthroat trout from
Hungry Horse Reservoir into Hungry Horse Creek and subsequent
juvenile emigration, 1968-85.
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juveniles for brood stock rehabilitation at the Mirray Springs
Hatchery in 1983 and 1984 resulted in a reduction of approximtely
400 outmgrant juveniles in 1984 and 100 in 1985.

Enery Creek

Prior to dam construction Emery Creek and Hungry Horse Creek
flowed together before entering the South Fork River. Emery Creek
has historically been an inportant spawning and nursery stream for
adf | uvial westslope cutthroat trout. A total of 201 juvenile
cutthroat and 15 adults were caught in 1985 in a downstreamtrap
operated from June 18 through July 29 (Table 13). This catch
represents only a mnor part of the juvenile emgration. The nean
range in length for the juveniles were conparable to those
recorded for juveniles in Hungry Horse Creek.

FISH MOVEMENT PATTERNS
Vst sl ope Qutthroat Trout

A total of 5,612 juvenile and 772 adult westslope cutthroat
trout were ta%;ged from 1983-85 in HHR tributaries to HHR and the
South Fork of the Flathead River (SFFR) fromthe head of the
reservoir to Meadow Creek (Table 14).  Movenent information was
obtained on 31 juvenile and 89 adults fromfish tagged in HHR and
the |ower SFFR Anglers returned 75 of the tags with the
remainder of the recaptures coming fromfish traps and gill nets.

Recapt ures were caught throughout the reservoir and its
tributaries, wth 49 percent of the fish caught within one
kilometer of tagging origin. Approxi matel¥ 23 percent of fish
exhi bited upstream movenent as conpared to 28 percent which were
caught downstream from tagging |ocation (Table 15). Only nine
cutthroat noved more than 30 km from where they were tagged. The
| ongest uPstream and downstream noverments were 49.9 and 52.3 km
respectively.  The fish which noved furthest upstream was tagged
i n Hungry Horse Oreek on June 28, 1983 and recaptured near G ark
Creek on Decenber 15, 1983 (Appendix Q). The record downstream
noverment was a fish tagged in Lower Twin Creek on August 9, 1983
ant(vlj (rBe)captured about one year later near Lid Creek (Appendix &
an :

The downstream novenment of cutthroat trout was probably
i nfluenced by the dewatering of the upper reservoir. Cutthroat
trout moved upstreamin the spring to spawn in tributaries |ocated
in the upper gart of the reservoir and in the SFFR The return of
tagged fish by anglers was effected by differences in fishing
pressure among the reservoir areas. Pressure was highest in the
Mirray area followed by the Enery and Sullivan areas.

Cutthroat trout were captured and tagged in the upper part of

the SFFR to eval uate interchange of these populations with
reservoir fish. The upper SFFR drainage is speculated to provide
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Tabl e 14.

Juveni | e
Adul ts

Juvenile
Adul ts

Juveni | e
Adul ts

Total s .
Juveni | es

Adul ts

The nunber of westslope cutthroat trout tagged in the
Emery, Mirray and Sul livan areas of Hungry Horse
Reservoir and the | ower South Fork of the Flathead
River fromHR to Meadow Creek (37 km), and the upper
South Fork from Meadow Creek to Youngs Creek (106 km
upstreamfromHR).

---------------- Locat i on Talgged- --- - mmmmmmmmmmmemmomeeo-

Bery  Mirray Sul Tivan Lower South Upper South

- aresg area area Fork_area Fork area
1983
755 402 637 374
34 37 25 27
1984
858 0 920 12 -
204 0 93 6 --
1985
1413 0 242 0 712
256 0 69 36 319
3026 402 1789 386 712
494 37 187 69 319
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Table 15. Mvenment of recaptured westslope cutthroat trout tagged
In Hungry Horse Reservoir and the |lower part of the
South Fork of the Flathead River, 1983-85. Table
includes only fish which noved nore than one kil oneter

oo __Upstream Movement (km)-------------
10 11-20 21-30 31-40 41-50 51- 60

1983
Juvenile 1 0 0 0 0 0
Adul t 1 0 1 0 1 0
1984
Juvenile 6 0 0 0 0 0
Adul t 1 0 0 0 0 0
1985
Juvenile 0 0 0 0 0 0
Adul | t 3 5 4 1 3 0
Tota
Juvenile 7 0 0 0 0 0
Adul t 5 5 5 1 4 0

1983
Juvenile 6 1 1 0 0 0
Adul t 2 1 0 0 0 0
1984
Juvenile 7 1 1 0 0 0
Adul t 3 2 1 0 1 1
1985
Juvenile 1 0 0 0 0 0
Adul t 1 0 2 1 1 0
Tota
Juvenile 14 2 2 0 0 0
Adul t 6 3 3 1 2 1
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spawni ng and nursery habitat for reservoir cutthroat. The first
documented novement of cutthroat through Meadow Creek Gorge into
the upper SFFR was obtained in July, 1985.

A total of 712 juvenile and 319 adult westslope cutthroat
trout were tagged in the upper SFFR in 1985 (Table 14). Mvenent
information was provided on 22 of these fish by tag returns from
anglers (Appendix @&). Only four of these tag returns exhibited
significant movenent. Two cutthroat noved upstream approxi mately
35 kmand two relocated downstream between 6-8 km

CREEL: CENSUS

Creel census data collected fromHHR in 1985 are summarized in
Tables 16 and 17. Atotalof 794 anglers were contacted during
the survey. The catch rate of westslope cutthroat ranged from a
| owof 0.11 fish per man-hour of effort in June to 0.31 fish per-
hour in Cctober. The Cctober catch rate in 1985 was |ess than
recorded by anglers during the 1961-69 fall period (Huston 1971).
The overal [ average of 0.17 fish per hour of effort for the year
was hi gher than recorded in Libby Reservoir for cutthroat trout
from 1977-1981, and nuch higher than estimated for Flathead Lake
in 1981-82 (Gaham and Fredenberg 1983).

Cutthroat conprised approxi mately 76 percent of the catch
followed by bull trout (15.2 percent? and nmountain whitefish
(8.9 percent). The mean total length of cutthroat and bull trout
creel ed was 329 mmand 455 mm respectively. The largest fish
creeled was a bull trout which was 630 nmin [ength and wei ghed
2,221g (Tabl e 18).

There was a considerable difference in fishing pressure and
catch rates anmong the areas (Table 16). The najority of the
fishing pressure took place in the Mirray area, 855.0 percent)
followed by the Emery area (34.6 percent) and the Sullivan area
(10.4 percent). The catch rate of cutthroat and buintrout was
highest in the Sullivan area, intermediate in the Mirray area and
lowest in the Enery area. G| net catches of these two species
were also higher in the Sullivan area than in the other two areas.

Approximately 70.4 percent of the anglers contacted fished
fromboats with the remainder fishing fromshore (Table 17). Mbst
anglers fished with lures (64.8 percent) followed by a conbination
of nethod, (natural bait, and flies). Cutthroat trout was the
greferred fish sought by the vast mgjority of the anglers wth
4.1 percent expressing a preference for this species. It was
suprising thet none of the ageas cotacted expressed a
reference for bull trout. A most all of the anglers were from
| at head County (88.4 percent), and only 3.7 percent were from
outside of Mntana.
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Table16. Summary of contact creel census conducted on Hungry Horse Reservoir, 1985.

Nunter caught Catch per
and percent_ (%) _of catch —-—-Map_bour of effort
Nunber  Hours Bull  MbuAntaiA Bul | Muntain
Month Anglers Fished Qutthroat  trout —Witefish Qutthroat —trout Vhitefish
Areas onii ned
Ny 273 1303 264(83.5) 40(12.7) 12(3.8( 0.20 0.03 0.01
Jun 202 831 89(50.6) 48(27.2) 39(22.2) 0.11 0.06 0.05
Jul 169 635 95(72.5) 25(19.1) 11(8.4) 0.15 0. 04 0.02
Aug 81 315 62( 88. 6) 3(4.3) 5(7.1) 0.20 0.01 0.02
Sep 43 186 34(97.1) 1(2.9) 0.18 — 0.01
art 26 113 35(100) . . 0.31 — - -
Reservoir
Total 794 3383 579(75.9)  116(152) 68(8.9) 0.17 0.03 0.03
A Emay Area
ea
Tot al 288(36.3) 1170(34.6) 161(73.2) 26(11.8) 33(15.0) 0.14 0.02 0.03
Murray Area
Area
Total 427(53.8) 1859(55.0) 342(79.9) 61(14.3) 25(5.8) 0.18 0.03 0.03
Sul livan Area
Area

Total 79 (9.9)  354(10.4) 76(66.1)  29(25.2) 10(8.7) 0.21 0.08  0.03
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the creel survey

Table 17. Fishing method, residency and species sought by anglers contacted during

conducted on Hungry Horse Reservoir, 1985.

Percent anglers

__Percent_Anglers fishing with _

__fishing_from

Flthd. Western Eastern Non—

Month Natural Flies Lures Combination Shore Boat County Montana Montana Residents Wct DV Any

May 23 - 85 11 35 84 113 3 3 - 101 - 18
(19.3) (71.4) (9.3) (29.4) (70.6) (95.0) (2.5) (2.5) (84.8) (15.2)

Jun 15 3 60 21 32 67 94 2 3 81 -- 18
(15.2) (3.0) (60.6) (21.2) (32.3) (67.7) (95.0) (2.0 (3.0) (81.8) (18.2)

Jul 11 4 43 20 24 54 57 6 5 10 39 - 39
(14.1) (5.1) (55.1) (25.7) (30.8) (69.2) (73.0) (7.7) (6.4) (12.9) (50.0) (50.0)

Aug 2 1 17 10 11 19 22 2 3 3 17 - 13
(6.7) (3.3) (56.7) (33.3) (36.7) (63.3) (73.3) (6.7) (10.0) (10.0) (67.7) (43.3)

Sep 2 - 14 1 3 14 16 - 1 . 13— 4
(11.8) (82.4) (5.8) (17.6) (82.4) (94.1) (5.9 (76.5) (23.5)

Oct - - 11 1 - 12 |- - - 12 -

(91.7) (8.3) (100) (9-00) (100)

Total 53 8§ 230 64 105 250 314 13 15 13 26 — 92
(14.9) (2.3) (64.8) (18.0) (29.6) (70.4) (88.4) (3.7) (4.2) (3.7) (74.1) (35.9)

Percent anglers

__fisbing for _
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Table 18. Average length (m) and weight (grans) of westslope
cutthroat trout (wct) and bul'l trout (D) harvested
anglers from Hungry Horse Reservoir in 1985. Standard
deviation of the mean length is given in parenthesis.

Speci es Range and nean length Range gp(_}l_[r?qr]_v_\gi_g_h_t
WCT 150 < 329 < 440 (_+6) 31 < 349 < 857
DV 340 < 455 < 630 (+95) 306 < 780 < 2,222
MWF 285 < 322 < 480 (_+9) 197 < 286 < 966
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GROWTH

The growth of cutthroat trout was analyzed using sanples
col lected from the 1984 spring spawning run into Hungry Horse
Creek and the June 1984 gillnet catches from HHR (Table 19).
Annul us formation usually occurs in My and June in HHR Thus,
enpirical lengths of cutthroat caught during this period shoul d
represent growth at annulus formation. The fish collected in the
spawning run averaged 367 mmin total length at age V and 380 nm
at age VI. GllInetted cutthroat had a mean Iength of 301 nm at
age IV and 343 nmat age V. The growth of cutthroat in HHR was
| ess than recorded in Libby Reservoir (Shepard 1985), but greater
than found in Flathead Lake (Leathe and G aham 1982).

The monthly growth increments of westslope cutthroat trout

entering HRin 1985 are presented in Table 20. The growth from
April through July is prinarily stream growth as the peak
emm gration of juvenile cutthroat fromtributary streans to the
reservoir occurs frommd-June to the end of July. Reservoir
romth was fastest in August and Septenber, then %éadually
eclined in October and Novenber. The period from Septenber
through Novenber accounted for 41, 51, and 53 percent of the total
growth accrued by the magration class 2, 3, and 4 fish,
respectively. The inportance of this fall period for growth of
cutthroat i1ndicates that fall drawdowns nust be carefully
eval uated to determne their inpact upon food availability and
fish growh.

TRIBUTARY HABITAT
Habitat Surveys

Stream surveys were conpleted on 52 tributaries to HHR during
the 1983-84 field season. This data which included 84 reaches in
229 km of stream has been coded and entered into the Mntana
interagency stream fishery data base. The 1983-84 information was
sunmarized by May and Zubik (1985). A Total of 160.3 km of streans
with ?radi ents of less than 10 percent are accessible to adfluvial
westslope cutthroat trout. This doesn't include the South Fork
River Drainage above HHR  Tributaries with the best spawning
habi tat were Emery, Hungry Horse, Mlnernie, Weeler and Lost
Johnny Creeks.

Graves Geek was surveyed in 1985. This drainage not only had
a barrier at its nouth, but also a series of three falls inits
| ower 3 km which were barriers to upstream fish mgration.
Cul vert Eval uations
Fish passage was evaluated at 12 culverts located in tributary

streams to HR during the cutthroat trout spawning run in 1984.
Upstream mgration was not possible at the culverts |ocated in
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Table 19. Average total-length at capture of westslope cutthroat
trout by age and migration class in Hungry Horse Creek,
1984 and in Hungry Horse Reservoir for June, 1984.
Number of fish aged is given in parenthesis.

Mgration .
L U | S AL Vo Voo
Hungary Horse Creek

X1 322(1)  375(1)

X5 319(1)  377(6)  362(1)
X3 346(7)  365(35)  383(8)
Xy T 362(1)  377(1)
Mean R - 30(9)  367(43)  380(10)

Hunary Horse Reservoir

Xy . 207(2) 313(1)  345(2) —

X5 167(1)  230(6)  305(20) 354(11) --
X3 o 191(16) 305(57) 340(34) —
Xy 252(7)  340(12) -
Mean C167(1)  202(24) 301(85) 343(59) --
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Tabl e 20.

cutthroat trout in Hungry Horse Reservoir,

determned by otolith analysis.
calculated fromfishes first year of

nmonth is given in parenthesis.

The nmonthly growth increment (mm of westslope

[ 1985, as
The increments were

: growth in the
reservoir. Percent of total growth contributed by each

M grati on Nunber

ass

2

of fish Apr - Jul

5 42
(34.4)

19 29
(25.0)

13 21
(20.6)

Aug

30
(24.6)

28
(24.1)

27
(26.5)

Sent

23
(18.9)

25
(21.6)

22
(21.6)

Rack cal culated growth increnents (

Oct
16
(13.1)
20
(17.2)

19
(18.6)

Nov Tot al
11
(9.0) 122
14
(12.1) 166
13
(12.8) 102
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Cayton, Felix and Paint creeks, whereas culverts in dark,
Margaret, Forest and the South Fork Logan Creek provided good
conditions for fish passage (Table 21). Culvert sites on Tive
addi tional streams were recommended for further study in 1985 to
determne the magnitude of the passage problem (Table 22).

The hydraulic conditions at the culverts which block upstream
novenent of trout include; 1) high downstream lip of the cul vert
2) lack of junp pool, 3) high water velocities at the upstream
and downstream ends of culvert, and 4) conbination of culvert
l ength and water velocity exceeding the sustained sw mm ng
capability of fish (Gebhards and Fisher 1972). Metsker (1971)
noted that water velocity through a culvert should be no greater
than six feet per second to insure passage for a 15-inch trout.
The sustained sw nmming speeds of trout range between 2.0-6.4 feet
per second depending on the size of the fish (Vatts 1974). He
suggested that velocities in culverts should be less than 6.0 fps
to pass a 12-inch trout. In addition, vertical junps of nore than
two or three feet often prevent trout fron1accessin%]a cul vert.
These criteria were used to eval uate passage at the culverts
surveyed in 1985.

Water velocities in the Harris Creek cul vert approached six
st when flows were greater than 25 cfs (Appendix H). Flows were
above 25 cfs in 1984-85 fromthe end of My until about m d-June
The spawning run of westslope cutthroat trout in Hungr% Hor se
Creek whichis typical of eastside tributaries begins the |ast
week of My and continues through the first week of July (My and
Zubi k 1985¥. Using these criteria cutthroat runs into Harris
Creek were delayed by about three weeks in 1984-85.

The water velocities at the downstreamend of Mlnernie Creek
exceeded 6.0 fps when flows were above approximately 5.0 cfs
(Appendix H). However, velocities at the upstreamend did not
approach 6.0 fps until flows were 30 cfs. Therefore, passage was
probably possible when flows were below 20 cfs. The run was
del ayed in 1984-85 fromthe end of mayto about md-June, or
approxi mately three weeks.

The flows in Mirray Creek exceeded 15 cfs fromthe end of My
until approximately the |ast week of June in 1984-85. During this
period, water velocities were above 6.0 fps at the upstream and
downstream ends of the culvert (Appendix H). Thus, it appears
that the cutthroat spawning run was del ayed approximately four
weeks.

Water velocities at the downstreamend of the North Fork of
Logan Creek were above 6.0 fps when flows were above 60 cfs
(Appendi x H3).  The upstreamend velocities exceeded 6.0 fps at
flows larger than 20 cfs. Fish passage was probably not possible
when flows were above 40-50 cfs. Using this criteria the run was
del ayed aboutthree weeks in 1984-85.
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Table 21. Evaluation of westslope cutthroat trout passage at culverts in 12 tributary streans to Hungry Horse
Reservoir. Measurements were taken fromJune 5 - July 13, 1984 during the cutthroat trout spawning run.
Tne culverts were |ocated on the main access road around the reservoir.

Cul vert
Vertical Pool Velocity Fi sh

Stream Length (ft) Wdth (ft) junp (ft) depth (ft) Uper end Lower end Flow (cfs) passage

dayton 138 8.0 3.0 5.0 5.0-6.0 7.9-10.0 27-80 No

Cark 40 3.0 none none 1.7-4.4 0.6-2.8 5-29 Yes

Fel i x 140 10.0 3.0 none > 00 6.0>10 62- 65 No

For est 80 5.0 none none 5.0-6.8 1.7-4.9 20-58 Yes

Harris 85 5.0 1.0 2.0 2.1-6.4 3.5-6.0 7-25 Margi nal at
flows >20 cfs

Mar gar et 70 4.0 1.0 2.5 4.0-4.2 5.0-5.8 20-45 Yes

Mclnerrie 89 5.0 1.0 2.3 3.3-7.9 5.0-7.9 2.0-22 Mar gi nal at
flows >15 cfs

Murr ay 77 4.0 none none 3.2-7.8 3.7-9.7 6-21 Mar gi nal  at
flows >15 cfs

Logan, N. Fk. 77 8.0 0.7 3.0 8.0>10.0 2.7-6.5 19-54 Margi nal at
flows >20-25 cfs

Logan, S. Fk. 60 5.0 none none 5.4-5.8 3.0-3.6 17-22 Yes

Pai nt 130 4.5 8.0 1.5 5.6 6.7 10.5 No

Ri verside 95 10.0 3.0 4.0 5.2>10.0 2.5>10.0 13-72 No at flcws

>30 cfs
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Table 22. Evaluation of westslope Cutthroat trout
Horse Reservoir.

passage at culverts in 5 tributary streams to Hungry
Measurements were taken from May 28 - June 27, 1985 during the cutthroat trout

spawning run. The culverts were |ocated on the main access road around the reservoir.
Qulvert
_ Verti cal Pool Vel ocity Fi sh
Stream Length (ft) Wdth (ft) jump (ft) depth (ft) Upper end Lower end Flow (cfs) passage
Harris 85 5.0 None 1.5 0.9-6.4 1.6-7.0 9.8-29.4 Flows <25
Mclnerrie 89 5.0 1.1 3.0 0.3-6.7 5.0>10.0 3.5-27.4  Flows <20
Mirray 77 4.0 None 2.1 4.1-8.1 3.7>10.0 6.2-43.5 Flows <15
Logan, N.Fk. 77 8.0 0.8 2.7 4.0-9.8 5.0-8.0 15.5-76.2 Flows <40
Ri verside 95 10.0 2.5 4.7 2.8-7.6 1.8-8.4 13.4-98.0 Flows <40




The entrance into the Riverside culvert was quite difficult
with a vertical junp of approximately three feet and water
velocities of greater than six feet per second during nmost of the
spawni ng run (Apﬁend|x H3). This culvert was probably inaccessible
during most of the cutthroat spawning run period.

The spawning act is triggered by a conbination of degree days
and water tenperature and spamning nust occur at a particular tine
(Watts 1974). If mature Tish are denied access to historica
spawning areas, they will often deposit their eggs in undesirable
habi tat downstream from the barrier. This may result in |ow
survival of eg? to fry energence. For this reason, biologists
generally specify an allowable delay interval of six to ten days
at nost culverts.

TRIBUTARY FISH POPULATIONS
Population Estimates

An attenpt was made to obtain population estimates for three
reaches i n Hungry Hor seCreek during Sept enber - Cct ober of 1985.
However, record fall rains resulted in high stream flows which
made efficient sanpling inpossible. Insufficient recaptures were
obtained to nake valid estimates. The el ectrofishing has been
reschedul ed for fall 1986.

IMPACTS OF RESERVOIR OPERATION
Model Development

The goal of this project is to provide decision makers with
the information needed to devel op a reservoir operation program
which will enhance or maintain ganefish populations. To meet this
goal, we are in the process of developing a nmodel which will
ﬁredict the inpact of various reservoir operation regines upon

abitat, primary productivity, secondazr productivity and ganefish
popul ations. W initially contacted experts in the field of
aquatic nodeling including menbers of the Fish and Wldlife
Reservoir Research Goup, Fish and Wldlife Services Habitat
Eval uation Procedures G oup, Gene Ploskey (Aquatic Ecosystens
Anal yst) James Kitchel| (University of Wsconsin), Dr. Dan Goodnan
(Montana State University) , and others within our department and
the university system

The approach selected was one proposed by Dr. Goodman. It
entails the use of several rudimentary conponent nodels
corresponding specifically to the hypothesized mechanisms of the
effects of dam operation upon the reservoirs biota. The conponent
nodel s, by virtue of their sinplicity are less likely to generate
|napproPr|ate ﬁredlctlons and are nore accessible to assessment of
reltability, than a conplex full system nodels. The nodel will use
Farticulate carbon to track energy flow through the trophic

evels, identify limting factors and include a sensitivity
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analysis. It will indicate the direction of change caused by
reservoir operation in production of organisms in the various
trophic levels.

A thermal predictive nodel developed by Adams (1974) will be
used to predict the effects of reservoir operation upon thernal
regimes In both reservoirs. W have contracted with the United
States Geol ogical Survey (USGS) to adapt this nodel for Libby and
Hungry Horse Reservoirs. The nodel will be nmodified for the Libb
selective withdrawl system beginning in August, 1985. The fina
report i s scheduled for conpletion on Septenber 30, 1986 and will
include a users manual for operation of the nodel, results of
validation tests, and a sunmary of the sinmulation tests

Physi cal Franmewor k Model

Eval uati on of the consequences of the various reservoir
management options requires a conmon Physical framework wthin
which the subnodels can operate. This framework nust be a three-
di mensi onal representation of the reservoir basin, coupled to a
day- by-day representation of the inflow, turbidity, solar
radiation and air tenperature. The nmodel will have a provision
for specifying the annual schedule of water wthdrawals. The
structure of the model will allow for a day-by-day inventory of
the anount of reservoir area representing each depth of water
colum with a tenperature profile for that water colurm

The effect of reservoir operation upon thernal regines within
the reservoir will be evaluated using the predictive thernal
model . The nodelwillenable us to hold environmental variables
(volume of inflow, tenperature of inflow, and solar radiation)
constant, while deternining I npacts of operational variables
(discharge volunme, depth of discharge and timng of discharge? on
the thermal regine in the reservoir. W can evaluate the effect
of these predicted thermal reginmes on primary productivity,
secondary productivity and fish growth by incorporating theminto
the physical framework nodel

PrimaryProduction

The ﬁrinary roduction subrmodel includes area, stratification
and washout effects. The area conponent predicts the annua

schedul e of primary Productivity for the entire |ake by area. The
Input data include |ocal primry production estimtes by area,

season and depth of water colum. These data will be provided by
a primary productivity study conducted in 1986. A generalized
seasonal fish growth nodel will be used to estimate fish growh
via a two-step average conversion efficiency from primry
production through secondary to tertiary production. Particulate
Far?on will be used to track energy flow through the trophic
evel s
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The stratification conponent uses a physical framework to
generate a description of profiles of tenperature and light wth
passive distribution of nutrients. Diatom biomass is assigned to
the mxed layer and primary production is calculated fromlight,
tenperature, and nutrients. The internediate output is a schedule
of depth of light conpensation, and depth, and tenperature of the
mxed layer. The final output is an annual schedule of primary
productivity.

The “washout effect" part of the nodel may not be applicable
to HHR It computes net bionass |oss to washout and incorporates
this oss in an annual primary production nodel. The final output
Is a schedule of primary production as affected by washout |oss.
The nodel data-needs include: 1) phytopl ankt on bi omass
concentrations throughout the reservoir and at the inflows and
outflows, and 2) schedule of depths and volumes of wthdrawal

Secondary Production

The benthos subnodel uses a life history nodel of aquatic
dipteran to obtain the rate of production of emergers by date.
This rate is calibrated against the observed standing stock of
emergers. Data required for the nodel consists of |ocal benthic
I nsect standing crop estimates and |ocal insect pupae and emerger
standing stock in water colum. The output will be a schedule of
incremental dipteran production for the entire |ake over the
course of the year. |f adequate sanpling of the emerging forms is
achieved, the results should be reliable and readily interpreted.

The generalized seasonal fish growth will be used to carry
through secondary production to tertiary production. The estimte
Is refined by allocating the increased productiontoparticular
species on the basis of food habits data.

The zoopl ankton subnodel for Libby Reservoir will include a
"washout effect" which may not be part of the HHR nodel. The
zoopl ankton nodel w || ﬁroduce a schedul e of zoopl ankton
?ro uction by area and nonth as influenced by prinarK product i on,

iving space, and tenperature. Data needed to run the nodel will
be bi-weekly zooplankton densities and biomass concentrations in
each area throughout the growing season. Production estimates
will be by genera except for Daphnia pulex. The generalized
seasonal fish growth nodel will carry through zoopl ankton
production to fish growh.

Fi sh Conmuni ty

The fish component nodel is conprised of four parts. A
recruitment subroutine will estimate the nunber of juvenile
west sl ope cutthroat eni%rating to the reservoir fromselected
tributary streans. Data needs include nunber of sPamners
ascendi ng selected tributaries, fecundity of individual fish and
instreamnortalities of juvenile cutthroat.
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A growth nodel will produce a trajectory of differential
growth for the salnonid stocks in the reservoir. Fish stocks will
e allowed to grow in response to food availability and to place
Eroportionate demands on food resources as indicated by food
abits data. Treating the conpetition between the sal nonids as
resource-based scranble conpetition only should lead to reasonable
predictions with respect to growh for a period of one grow ng
season.

The effect of volume (living space) reductions on juvenile
trout predation will be estimated. The nodel will conpute
consunption rates on the basis of diet conposition and tenperature
corrected netabolic rates. The final output will be a loss rate
of young trout due to winter predation. A range of reservoir
drawdown levels will be needed to accurately attribute the
predation |osses to dam operation.

V% are al so eval uating a popul ation sinulation nodel devel oped
for adfluvial rainbowtrout (Serchuk et al. 1980). This is an
age-structured sinulation nodel of the growth and popul ation
dynamcs of a mgratory rainbow trout population, It includes all
principal life-history intervals and incorporates food-density and
tenperature rel ationships of salnmonid Prowth efficiency. The core
of the sinulation involves individual fish growth rather than
growt h of the population. Factors directly affecting the growth
processes of trout such as food availability, water tenperature,
and intraspecific conpetition have been incorporated. Popul ation
size, mean weight and biomass are estinmated nonthly in age, sex
and | ocation catagories. A variety of environmental and
biological paraneters are utilized in the sinulation which can be
altered as a user option. The utility of this nodel will be
dependent upon sufficient data to allow us to alter the paraneters
to represent |ocal conditions.

RECOMMENDATTONS
Continue the study with the follow ng modifications:

1. Obtain population estimtes for westslope cutthroat trout
in reaches of Hungry Horse and Emery Creeks to deternine
rfel ationship between habitat quality and standing crops
of trout.

2. Evaluate substrate conposition in Hungry Horse and Emer
Creeks to determine its suitability for incubation o
sal noni d eggs.

3. Reduce sampling frequency of zooplankton and surface
insects in Mirray area to biweekly rather than weekly.
I ncreasing the sanpling frequency in 1985 did not reduce
the variability of the data.
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Inﬁhall and run Diptera energence traps in Mirray area
weekly.

Col I ect zoopl ankton sanples biweekly from the Mirray
area for carbon particulate analysis.

Sanple in South Fork Flathead River bel ow Hungry Horse
Dam for zoopl ankton drift fromthe reservoir to evaluate
the downstream | oss of secondary production.

Conduct the creel census again in 1986 to determne catch
rates, species conposition of catch and catch of tagged
fish by anglers.

Col I ect northern squawfish and bull trout in the spring
to evaluate(ﬁredatlon on westslope cutthroat trout
juveniles at different reservoir elevations.

Conduct a monitoring study for approximately 10 years
after this study is conpleted to provide the data
necessary to validate the nodel. Ten years would enable
us to examne how reservoir operation effectstwolife
cycles of westslope cutthroat and bull trout.
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Appendix Al. Isopleths of water temperatures '29C) from the Emery Station,
Hungry Horse Reservoir, 1984. Shaded areas are preferred

temperature strata for cutthroat trout (10°-16°).
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Isopleths of water temperatures 2°C) from the Murray Station,
Hungry Horse Reservoir, 1984. Shaded areas are preferred
temperature strata for cutthroat trout (10°-16°),
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Appendi x A3.  Isopleths of water tenperature (2°C) fromthe Sullivan Station,
Hungry Horse Reserovir, 1984. Shaded areas are preferred
temperature strata for cutthroat trout (10°-16°).
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Appendi x A4. | sopleths of water tenperature (2°C) fromthe Enery Bay
Station, Hungry Horse Reservoir, 1984. Shaded areas are
pr eferred temperature strata for cutthroat trout (109-16°),
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Appen® ix A5. Isopleths of water temperature (2°C) from the Graves Bay

Station, Hungry Horse Reservoir, 1984. Shaded areas are
preferred temperature strata for cutthroat trout (10°-169).
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Appendi x A6. I sopleths of dissol ved oxygen (1 mg-171) fromthe Enery Station
Hungry Horse Reservoir, 1984.
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| sopl et hs of dissolved oxygen (1 mg-1"1 fromthe Enery Station

Hungry Horse Reservoir, 1985.
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Appendix A8. Isopleths of dissolved oxygen (1 mg-l‘l) from the Murray
Station, Hungry Horse Reservoir, 1984.
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Appendix A9. Isopleths of dissolved oxygen (1 mg-1

Station, Hungry Horse Reservoir., 1985.
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Appendix A10. Isopleths of dissolved oxygen (1 mg-l_l) from the Sullivan
Station, Hungry Horse Reservoir, 1984,
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Appendix All. Isopleths of dissolved oxygden (1 mg-l"l) from the Sullivan
Station, Hungry Horse Reservoir, 1985.
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Appendix A12. Isopleths of dissolved oxygen 1 mg-l'l) from the Emery Bay
Station, Hungry Horse Reservoir, 1984,
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Appendi x Al3. Isopleths of dissolved oxygen (1 ng -171) fromthe Graves Bay
Station, Hungry Horse Reservoir, 1984.
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Appendix A14. Isopleths of pH standard units 0.1) from the Emery Station,
Hungry Horse Reservoir, 1984.
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Appendix A15. Isopleths of pH standard units 0.1) from the =mery Station,
Hungry Horse Reservoir, 1985.
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| sopl eths of pH standard units (0.1) fromthe Mirray Station,
Hungry Horse Reservoir, 1984.
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Hungry Horse Reservoir, 1984.
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Appendix A19. Isopleths of pH standard units (0.1) from the Sul
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AppendixA21. I pdeths of pH standa rd ts (0.1) from the Graves Bay

S taon, Hungry Horse Res
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Appendix A22. Isopleths of swmecific conductance (10 mmhos) from the Smery
Station, Hungry Horse Reservoir, 1984.
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Appendix A23. Isopleths of specific conductance (10 mmhos) from the Emery

Station, Hungry Horse Reservoir, 1985,
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Appendi x A24.  Isopleths of specific conductance (10 mmhos) fromthe Mirray
Station, Hungry Horse Reservoir. 1984,
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Appendix A25. Isopleths of specific conductance (10 mmhos) from the Murray

Station, Hungry Horse Reservoir, 1985.
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Isopl.eths of specific conductance (10 mmhos) from the Sullivan
Station, Hungry Horse Reservoir, 1984,
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| sopl eths of specific conductance (10 nmhos) fromthe Sullivan
Station, Hungry Horse Reservoir, 1985.
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Isopleths of specific conductance (10 mmhos) from the Emery Bay
Station, Hungry Horse Reservoir, 1984,
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Appendix Bl

April
May

June
July
August
Septemser
Jctober
‘lovember
December

Year

April

May

June
July
August
Seoterber
October
tovemoer
Decenper

Year

Weighted mean zooplankton densities (#+M"3) and weights (WQ'M_B) estimated from 30 m
in Emvery Area, Hungry Horse Reservoir.

Daphnia

Pu

155
205
665
840
982
306
313
285

55

9
5
30.
42 .
38
17
27.
29.

Daphnia

lex Non-pulex Bosmina

(11)
(14)
(8)
(15)
(12)
(3
(2)
(2)

45 (1)
11 (<)
98 (1)
108 (2)
1402(18)
1420(15)
467 (3)
315 (4)
105 (4)

557 '3)

0.7
0.3
1.1(<1)
4 (D
(5)
(7

(5) 380
(1 380
(8 773
18) 692
(12) 968
(4) 288
(5) 117
(4 200
(2) 30
9) 512
0(4 95
16 53
8(12° 86.
5(22° 103
n(15. 108
6 (7. 55
5(16. 15
6(12, 29
23 8
013 71.

Leptodora

00
o
0¢m
oM
0(0)
0
o
a(m
6(0)

Uto

Total

Cladocerans

530(17)
596 (21)
1495(17)
1540(35)
3352(42)
2014(23)
897(15)
800(10)
190(7)

1595 26

Diaptomus

2180(54)
1516(57)
6658(75)
2050(43)
1503(19)
1574{13)
827(14)
1075(14)
865 (30)

2147 (34)

Cyclops

665(19)
633(22)
733 (8)
1037(22)
3037(33)
5032(39)
4143(71)
6015(76)
1780(63)

243303

vertical tows during 1934

Percents of total zooplankton ire in parentheses.

Epischura

Total Total
Copewods  Zooplankton

2845(83) 3425
2249(79) 2845
7392(33) 8387
3087(65) 4727
4570(53) 792,
6622(77) 8635
4975(83) 587,
7090 (90) 783,
2645(93) 283~
4533(74) 6233
123 4054 230.0
720649 13,.3
149 7 (%) 263.5

47 3024 19-.3

91.3¢37) 25;.3
147 953 235.5
119.1 (7D 165 .5
183.0:73) 250-5

58.0¢34} 659



Appendix B2, Weighted mean zooplankton densities (#-M"3) and weights (ng'M_3) estimated from 30 m vertical tows during 1984 in Murray
Area, Hungry Horse Reservoir. Percents of total zooplankton are in parentheses.

Number

of Daphnia Daphnia Total Total Total
Month Samples Pulex Non-pulex Bosmina Leptodora Cladocerans Diaptomus Cyclops  Epischura  Copepods Zooplankton

Number
Aoril 2 55 (2) 30 (L) 105 (4) 0 (0 190 (7) 865(30) 1780(63) 0 2645(93) 2835
May 3 520(11) 150 (3) 77 (2) 0 () 746(16) 2443(54) 1383(30) 0 (0 3827(84) 4573
June 4 767(12) 540 (9) 110 (2) 0 1417(23) 3123(49) 1742(28) 1<) 4856(77) 6283
July 6 1362(24) 1042(19) 208 (4) 0 (0) 2612(47) 1113(20) 1852(33) 0 (0) 2965(53) 5577
August 6 1185(16) 1312(18) 990(13) 0 (D 3487 (47) 1123(15) 2827(38) 8(<1) 3958(53) 7445
September 6 265 (5) 403 (7) 642(12) 2(<1) 1312(24) 1235(22) 2993(54) 8 (O 4236(76) 5548
October 3 260 (5) 197 (3) 317 (5) 0 774(13) 814(14) 4250(73) 3D 5067(87) 5841
November 4 480 (8) 397 (1) 335 (5) 0 (0 1212(20) 1487 (24) 3500(56) 2(<1) 4930 (80) 6202
December 4 175 (4 105 (3) 175 (4) 0 (0) 455(11) 1288(33) 2240(56) 3(k1) 3530(89) 3985
Year 38 678(12) 587(10) 395 (7) <1 1660(29) 1533(27) 2516(44) 3(k) 4052(71) 5712 fﬁ
[ad]
Weight

April 2 13.9 (5) 55.5(22) 6.4 (2) 0.0 75.8(29) 127.4(50) 54,2(21) 0.0 (O} 181.6(71) 257.4
May 3 19.0(12) 21.5(14) 1.1 () 0.0(0) 41.6(27) 86.0(55) 27.6(18) 0.0 () 113.6(73) 155.2
June 4 34,7(17) 73.7(35) 0.7(<1) 0.0(0) 109.1(52) 65,9(31) 35,0(17) <0.0 (O) 100.9(48) 210.0
July 6 61.8(24) 139.9(56) 2.4 (1) 0.0(0) 204.1(8L) 12.4 (%) 34.0(14) 0.0 (O) 46.4(19) 250.5
August 6 48.6(15) 183.3(59) 9.2 (3) 0.0(0) 241.1(77) 19.8 (6) 48.0(15) 2.6 (1) 70.4(23) 311.5
September 6 16.7 (8) 86.7(43) 6.8 (3) 2.6(1) 112.8(55) 39.3(19) 49.1(24) 2.6 (1) 91.0(45) 203.8
October 3 17.4(11) 12,4 (8) 4.0 (3) 0.0(0) 33.8(22) 23.0(15) 96.8(63) 0.5(<1) 120,2(78) 154.0
November 4 35.1(14)  71.0(28) 3.6 (1) 0.0() 109.7(43) 59.6(24) 84.4(33) 0.8{<1) 144.8(57) 254.5
December 4 23.4017) 32.0(24) 1.4 (1) 0.0(0) 56.8(42) 29.4(22) 48.1(36) 0.8(<1) 78.3(58) 135.1

Year 38 33,5(15)  88.9(40) 4.2 (2) 0.5(0) 127.1(57) 42.9019) 51.0(23) 1.1 (D) 95.0(43) 222.1




Appendi x B3. Wi ghted nean zoopl ankton densities (#-M73) and vei ghts (mg-M"3) estimated from 30 m vertical  tows during 1984 in
Sullivan Area, Hungry Horse Reservoir. Percents of total zooplankton are in parentheses.

Nunber
of Daphnia  Daphni a Tot al Tot al Tot al
Mont h Sanples  Pulex Non-pulex Bosmina Leptodora O adocerans Diaptonus Cyclops  Epischura Copepods ~ Zoopl ankt on
Nurber
April 2 70 (5) 10 (1) 10 (1) 0 (0 90 (7) 270( 21) 945 (72) 0 (0) 1215(93) 1305
May 4 73 (4) 175 (8) 65 (3) 0 (0) 313(15) 908( 44) 848(41) 0 (0 1755( 85) 2068
June 2 225 (9) 145 (5) 130 (5) 0 (0) 500( 18) 695( 25) 1575(57) 2(<1) 2272(82) 2772
July 6 748(23) 517(16) 292 (9) 0 (0) 1557(48) 1065( 33) 590( 18) 12 (1) 1667(52) 3224
Auqust 6 1980(25)  1285(17) 992(13) 0 (0) 2457(55) 1268( 16) 2258(29) 9(<1) 3535(45) 7792
Sept enber 6 562(10) 388 (7) 375 () 0 (0) 1325(23) 1262(22) 3208(55) 3(<1) 4473(77) 5798
Cct ober 3 473 (6) 267 (3) 273 (3) 0 (0) 1013(12) 1510(18) 5773(70) 4(<1) 7287(88) 8300
Novenber 4 1512(11) 743 (6) 778 (6) 0 (0) 3033(23) 3983 (29) 6395 (48) 20(<1) 10398( 77) 13431
Year 33 851(14) 543 (9) 437 (8) 0 (0) 1831(31) 1442(24) 2657(45) 7(<1) 4106( 69) 5937
_ Vi ght
April 2 3.3 (6) 1.9 (3) 0.4(<l) 0.0(0) 5.6 (9) 16. 9( 28) 37.4(63) 0.0 (0) 54.3(91) 59.9
Ny 4 3.9 (5 32.8(37) 1.1 () 0.0(0) 37.7(43) 31.0(35) 20.0(22) 0.0 (0) 51.0157) 88.8
June 2 11. 6(16) 17.4(23) 1.7 (2 0.0(0) 30. 7(41) 16.0(21) 28.1(38) 0.7 (0 44,8 (59) 75.5
July 6 25.2( 20) 57.8(46) 3.3 (3 0.0(0) 86. 3(69) 24. 6(20) 12.4(10) 1.3 (1) 38.3(31) 124.6
August 6 108.9(30)  173.4(48) 8.6 (2 0.0(0) 290. 9( 80) 20. 4 (6) 51.7(14)  1.8(«<l) 73.9(20) 364.8
Sentember 6 72.9(29) 76.9(31) 4.0 (2 0.0(0) 153. 8(62) 39.5(16) 54.7(22)  0.8(<1) 95. 0(38) 248.8
Qrt ober 3 21.1 (9) 45.8(19) 3.4 () 0.0(0) 70. 3(29) 42.5(17)  131.4(54) 0.9(<1) 174.8(71) 245.1
Novenber 4 138.7(23)  136.1(23) 8.3 (1) 0.0 (0) 283.1(47) 159.4(26) 154.2(26) 4.5 (1) 318. 1(53) 601.2
Year 33 57.7(23) 81.8(33) 4.5 (2 0.0(0 144.0(58) 44.3(18) 58.6(24)  1.4(<1) 104. 3(42) 243.3




Agpendix 94, Welghted wean zonplankton densitles (02 and welghts (301™)) estlnacod foom 30 o vectical tows duclyy 1938 L
Hunjcy locse Resacmic, dceas cordlaad,  Prcsants of total z30planiezon ace (N paceatihesdd.

Wrbec
of Oaphnla  Oaphnta Total Total Tozal
Month Sasples  Pulsx lbn-pulex Bosina  Leptoddss  Cladocarans  Diazec~us  Cyelips  Boischucy Copap>ls  Zocplareidn
et

Apeil [} WM, Y (n 77 9 (N 503N 1493(3)) 993(1) 0 () 243333 2997
(9413 (2421 (4] [£311) (13491 (4591 {1392} (20131
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(39381 (i (1031 (7631 (28231 (8481 (t (24131 (2991

July 18 933422y  7%0(LhH 203 (O 0 (0) 193640 1409431 1133(26) (<1} 28735 4503
(4531 (5191 (135} (1091] (10831 (6321 6 (1273) (20091

Auguse 19 1382113 1188¢1%) 112019 0 (0 369833 1298(17)  2707()%  15(<V) 01213 m3
(5381 (93%0) (3171 (92t) (353 (ra2! (111 (12291 (1554

Septetac 17 382 (%) N84 (&) 7MLV 1 1524023 1334020 38%3.34) [ 113} s02L(7T) £54%
(2461 (1471 (3321 48] (637) (5241 (L7381 [¢]) {2134 (24391

Oceocer 9 IR H 1N WM (D 0 894(1L) 13508 722070 4cl) $774(37) 557)
(1731 (1131 {20s) (3701 (571 (14351 {1 (2137} (2354

Movarbec 10 851 (0 4385 () 303 (%) 0 1333(2%) 2803723 3151(3%) o) 75730 L2311
(1287} (4231 (4301 [202)) (21021 (2133) ¢ (33421 (3231

Oecarbec € 135 (& 0 (D 152 (W 0 (@ 8700 114703 2087¢(3d) 2 3235(%0) 1432
na 1631 (731 <1 (231 (453 (5281 (m (9461 uniru

Yeac 108 $32(1L)  S42 (P 5L (D <Ly 1552029 ISORTRS IR Y BE) L J44Y] 4233172 %33)
(633} (525) €131} (1333) (1332 (13330 {3 (25920 (32351

dalint

Apetl L] 8.7 (5 5L 2,3 (1) 0D 62,3118) 82.204% 37,3210 0.9 (P 113,755 1321
6.01 (57.91 . (301 (63.3] (73.4) (20.0) (84.4) (4.5

May 1n 0.0 (T 37,4030 0.8 (1) 0.0( 47,0(33) $2.3(1) 2410 0.9 (O 25.7(82) 122.7
(7.6l (3.1 (0.3 [$19%]) £35.91 119.51 [42.4] 15201

June 10 20,5(18)  87.7(3) L1k 0.0 97.3UM 84.5(31) 24,501 0,5(<) 102.2(3% 236.5.
(17.3) (47.3) .2 (51.51 (54.11 (14.) n,2! 143.2) (122.9

July 18 43,2020 100.3(3) 2.4 (1) 0.2 143,971 204010 22,41 0,45 43,2000 199.¢
(19.7) (94,91 (1.1 97.2 113.41 (1. 10.51 (2.1 (13,3

Aguat 18 63, 1(20  183.2(%9 19,3 (¥ 9.040 237.501% 21.8 () 82,418 4.3 (D 73.702% 1.3
(38.5) (74.61 5.1 7.4 .y 123.%1 (3.91 (23.3! 195.7)

Septerdac 17 36,3(1%5) 731,203 3.8 (§) 0.90:1r  120.1(%1 43,4000 81,4020 2.4 (D) 197,203 )
(41.0) (20.M (5.71 n.n (53.51 (%N (39.9) .3l 851.71 4L. 4

Qctaobec 9 22,0(12) 24,4010 4.3 (D 0.0(0} sL.uan 23,5018 107,%¢3N 1.0 139.107) 133.1
9.3 (19.91 (2.61 tas.u 116.1 3.3 3.4 (51.21 (73,531

Hovarbee 10 75,4011 83,3021 5.4 (L) 0.0' 163,640 96,202 124,303 2.2 (D 222,357 2.4
(116.8) 79.0 {4.9) (135.5) (33.1) {s1L.9) (2.01 (125.91 [$ P2 ]

Decacber 6 16,3413 2090 1,3 (L) 0.0'm 4.8 26.2(2)) 44,3040 0.5(<L) 71.8(80 113.2
(16.9) (19.3 0.6t (33.91 (10.% (10.9 (0.3 (20.91 83.91

Yeac 108 35,7(1) 810008 4,9 (D <AKl) 124.6(3% 43,3020 83,5Q28) 1.7 (L) 101,149 228.7
(47,41 (70.91 (s.01 (198.%1 (47,01 9.2 (2.5 (73.3) (134,91

¥ stardac! davlation




Appendix B5. Mean zooplankton densities (#‘Mf3) and weights (mg-H‘3) estimated from 30 m vertical tows during 1985 in
the Emery Area, Hungry Horse Reservoir. Percents of total zooplankton are in parentheses.

Number
of Daphnia  Daphnia Total Total Total
Month Samples  Pulex MNon-pulex Bosmina Leptodora  Cladocerans Diaptomus Cyclops Epischura  Copepods Zooplankton
Bumber
HAay 6 23(<1) 52 (1) 99 (1) 0 @ 174 (3) 3435(52) 3086 (45) 1 KD 6584(97) 6755
June 6 155 (2) 493 (5) 707 (9) 0 (0) 1355(17) 3318(42) 3185(49) 11.0(<1) 6514(83) 7869
July A 625 (3) 2410(15) 4554(28) 0 () 7630(47) 3605(22) 5165(31) 5L 8775(53) 16465
August 6 248 (3) 2682(34) 290 (4) 0 (O 3220(41) 1438(18) 3128(40) 14(<1) 4580(59) 7800
Year 24 263 (3) 1409(14) 1438(15) 0 (o) 3110(32) 2964 (30) 3641(37) 8(KL) 6613(63) 9722
Yeight
Hay 6 0.8(KD) 2.3 (1) 1.4(<D) 0 (D 4.5 (2) 117.0(53) 100.5(45) 0.1k 217.6(93) 221.1
June 6 13.5 (5) 15.4 (5) 6.0 (2) 0 34,9(12) 162.3(58) 82.8(29) 1.3 246,4(83) 281.3
July 6 60.4 (8) 217.0(28) 128.2(17) 0 (@ 405.6(53) 165.5(21) 197.7(26) 1.4} 364.6(47) 770.2
August 6 25.0 (5) 325.7(69) 3.6 (1) o () 355.3(75) 35.7 (8) 76.5(16) 3.9 (1) 116.1(25) 471.4

Year 24 24.9 (5) 140.4(32) 34.8 (8) 0 (0 200.1(4% 120.1(28) 114.4(26) 1.7(<1) 236.2(54) 435.3
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Appendix B5. Mean zoopl ankton densities #m3) and wei ghts (.rng-M‘3) estimated from 30 mvertical tows during 1985 in
the Mirray Area, Hungry Horse Reservoir. Percents of total zooplankton are in parentheses.

of Daphnia  Daphni a Tot al Tot al Tot al
Sanples Pulex Non-pul ex Bosmina Leptodora O adocerans Di apt onus

Number
Ny 9 2(<1) 11(<1) 41 (1) 0 (0 54 (2) 1593 (54) 1317(44) 3(<1) 2913(98) 2967
June 12 51 (1) 235 (4) 413 (7) 0 (0) 699(12) 2555(43) 2693( 45) 14((1) 5262( 88) 5961
July 15 639 (4) 1823(12) 6871(44) 0 (0) 9333 (591 2804( 18) 3549 (23) 17(<l) 6370(41) 15703
August 6 65 ) (7) i _2‘}3_1(_2_5)_ i _12_8_1(_1?) ______ 0 i (_0) _____ 4_37_7_(‘}5} _____ 2213( 23) _______________________________
Year 48 379 (4 1238(13)  2578(27) 0 (0 4196( 45) 2367(25) 2826(30) 13(<1) 5207(55) 9402
Ve ght
May 9 0. 6(<1) 0.4(<1) 0.7 (1) 0 (0) 1.7 (2 55. 7(56) 42.6(43) 0.2(<1) 98.5(98) 100. 2
June 12 4.9 (3) 8.4 (4 4.0 (2 0 (0) 17.3 (9) 106. 6( 56) 64. 6(33) 1.8 (J) 173 (91 190.3
July 15 89.8(19) 123.2(26)  43.9 (9) 0 (0) 256. 9(54) 114. 3(24) 97.5(21) 4.2 (1) 216 (46) 472.9
August 12 113.4(19) 297.2(51) 16.8 (3) 0 (0 427.4(73) 66.2(11)  84.6(15)  3.9(<l)  154.7(27) 582. 1



Appendix B7. Mean zooplankton densities #M73) and weights (mg'M'3) estimated from 30 m vertical tows during 1985 in
the Sullivan Area, Hungry Horse Reservoir. Percents of total zooplankton are in parentheses,

Number
of Daphnia  Daphnia Total Total Total
Month Samples Pulex Non-pulex Bosmina Leptodora Cladocerans Diaptomus  Cyclops Epischura Copepods Zooplankton
Number
April
Hay 4 1D 0 (0 4D 0 (0) 5 (D) 99 (27) 264(72) 0 363(99) 368
June 6 13 (1) 98 (5) 175 (9) 0 (0 285(13) 1087 (56) 556(29) 4(<1)  1647(85) 1933
July 7 166 (2) 1286(17) 2450(33) 0 (O 3902(53) 2079(28) 1381(19) 39(<1)  3499(47) 7401
August 6 236 (3) 1604(17) 2005(21) 0 (O 3845(41) 3295(35)  2239(24) 28(<1)  5562(59) 9407
Year 23 116 (2)  835(16) 1313(25) 0 (O 2266 (43) 1733(34)  1195(23) 20(<1)  3009(57) 5275
Weight
April
May 4 0.1(<1) 0 (0 0.1(<D) 0 0.2 (L) 4.503D) 9.7(87) 0 14.2(99) 14,4
June 6 1.2 (2) 2.4 (4) 1.8 (3) 0 (® 5.4(12) 33.4(70) 10,6(1%) 0.5 (1) 49,5(90) 54.9
July 7 20.9 (7) 93.9(33) 26.2 (9 0 @ 141.0¢(50) 96.5(67)  42.3(15) 4.7 (2) 143.5(50) 284.5
August 6 45.9(10) 155.5(34) 18.0 (4) 0 219.4(48) 82.5(18)  54.7(12) 101.1(22) 238.3(52) 457.7

Year 23 18.7 (8) 63.8(31) 13.1 (8) 0 (0) 101.6(45) 61.7(23) 31.6(14) 27.9(13) 121.2(54) 222.8



Appendix B8. Mean zooplankton densities (4-873) and weights (ng'M_3) estimated from 30 m vertical tows during 1985 in
all areas, Hungry Horse Reservoir. Percents of total zooplankton are in parentheses.

Number
of Daphnia Daphnia Total Total Total
Month Samples Pulex Non-pulex Bosmina Leptodora Cladocerans Diaptomus Cyclops  Epischura  Copepoxls  Zooplankton
Humber
May 19 9 K1) 21 (KD 48 (1) o () 78 (2) 1729(51)  1556(4%) 1(<1)  3285(33) 3364
June 24 73 (1) 275 (5) 432 (9 0 (G 780(15) 2320(44)  2145(4D) 10(K1)  4475(35) 3253
July 28 477 (4) 1840(14) 4558(35) 0 (¥ 6375(53) 2829(21)  3365(26) 20(<1)  6214047) 13139
August 24 383 (4) 2239(25) 1192(13) 0 (0 3814(42) 2315(25) 2832(32) 15(<1)  5186(33) 3000
Year 95 258 (3) 1182(14) 1793(22) 3232(40) 2351(29)  2565(31) 13(K1) 492960 8161
Weight
May 19 0.5(k1) 0.9 (1) 0.7(D) 0 (@ 2.1 (2) 59.1(53) 50.9(45% 0.1K1) 110.1(93) 112.2
June 24 6.5 (4 8.7 (3 3.9 (2) 0 () 19.1(11) 102.4(58)  52.7(30) 1.2(1) 156.3(39) 175.4
July 28 57.0(11) 144.7(28) 65.1(13) (U0 267.3(53) 125.4(23) 112.5(22) 3.,3KKL 241.3047) 5C3.1
August 24 61.4(12) 259.8(51) 12.8 (3) 0 (0) 334 (66) 61.5(12)  71.3(14) 36.3 (7) 169.7(3} 503.7

Year 95 34.1(10) 110,7(32) 23.8 (7) 168.5(49) 90,2(26)  74.3(22) 10,5 (3} 175.5(3D) 344.1
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Appendix B9, Length-frequency distributions and mean lengths(mm) of Dopbnia puley and Dapbpia sp.
collected in 30 m vertical tows from Hungry Horse Reservoir, 1984.

_Daphoja_species Dapboia_pul
Sample 0.00- 0.50- 1,00- 1,50- 2.00~ 0.00- 0.50- 1.00- 1.50- 2.00~
Month Size 0.49 0.99 1.49 1.99 2.49 Mean 0.49 0.99 1.49 1.99 2.49 Mean

Eaery drea
April 2 0.0 80.0 5.0 15.0 0.0 (0.88) 0.0 4.0 2.0 66.0 28,0 (1.85)
May 4 0.0 89,0 11.0 0.0 0.0 (0.75) 0.0 13.5 40.0 42.0 4.5 (1.37
June 4 0.0 77.5 18.0 4.5 0.0 (0.87) 0.0 6.5 73.0 20,5 0.0 (1.25)
July 6 0.0 62.0 38.0 0.0 0.0 (0.93) 0.0 3.0 55.0 42.0 0.0 (1.42)
August 6 0.0 80.0 20.0 0.0 0.0 (0.84) 0.0 31.0 46.0 22.0 1.0 (1,24
September 5 0.0 52.8 41.2 6.0 0.0 (0.95) 0.0 4.4 29.2 50.8 15.6 (1.59
October 3 0.0 45.0 45.0 10.0 0.0 (1.08) 0.0 12.0 28.0 24.0 36.0 (1.18)
Novenber 2 0.0 30.0 60.0 10.0 0.0 (1.18) 0.0 10.0 54.0 18.0 18.0 (1.37)
Decenber 2 0.0 100.0 0.0 0.0 0.0 (0.87) 0.0 0.0 20.0 20.0 60.0 (1.90)

Yurray Area
April 2 0.0 90.0 10.0 0.0 0.0 (0.79) 0.0 18,0 18.0 62.0 2.0 (1.58)
May 3 0.0 79.3 20.7 0.0 0.0 (0.81) 0.0 5.3 38.7 55.3 0.7 (1.45)
June 4 2,0 70.5 27.5 0.0 0.0 (0.85) 0.0 0.0 64.5 35.5 0.0 (1.35)
July 6 0.0 70.0 30.0 0.0 0.0 (0.92) 0.0 29.0 38.0 28,5 4,5 (1.29)
August 6 0.0 87.5 12.5 0.0 0.0 (0.87) 0.0 27.0 31,0 41.0 1.0 (1.34)
September 6 0.0 62.5 30.0 7.5 0.0 (0.94) 0.0 9.0 18.0 38,0 35.0 (.73
October 3 4.0 69.0 23.0 0.0 4.0 (0.93) 0.0 73.0 23.0 0.0 4.0 (0.89
Novenber 4 0.0 55.0 30.0 15.0 0.0 (1.02) 0.0 8.0 46.0 24.0 22.0 (1.51)
December 4 0.0 45.0 22.0 33,0 0.0 (1.26) 0.0 0.0 0.0 43.0 57.0 (2.0%

Sullivan Brea
April 2 0.0 60.0 40.0 0.0 0.0 (0.91) 0.0 0.0 11.0 89.0 0.0 (0.8D)
May 4 0.0 83.0 11.0 6.0 0.0 (0.65) 0.0 0.0 18,0 82.0 0.0 (1.58)
June 2 0.0 61.0 39,0 0.0 0.0 (0.92) 0.0 38.0 25.0 37.0 0.0 (1.24)
July 6 0.0 87.5 12.5 0.0 0.0 (0.82) 0.0 21.0 45.0 34.0 0.0 (1.28)
August 6 0.0 52,5 42.5 5.0 0.0 (0.91) 0.0 20.0 48,0 27.0 5.0 (1.32)
September 6 0.0 31.5 49.0 13.2 6.3 (1.20) 0.0 9.5 30.5 30.0 30.0 (1.58)
October 3 0.0 65.0 35.0 0.0 0.0 (0.86) 0.0 22,0 32.0 26,0 20.0 (1.46)
Novenber 4 0.0 35.0 55.0 10.0 0.0 (1.13) 0.0 0.0 34.0 62.0 4.0 (1.57)
Decenber No Data

All_Areas Combined
April 6 0.0 76.7 18.3 5.0 0.0 (0.86) 0.0 8.8 10.2 69,0 12.0 (1.41)
May 10 0.0 84.2 14.0 1.8 0.0 (0.73) 0.0 6.4 31.6 60.2 1.8 (1.47)
June 10 0.8 71.4 26.0 1.8 0.0 (0.87) 0.0 10.2 60.0 29.8 0.0 (1.29
July 18 0.0 73.2 26.8 0.0 0.0 (0.8 0.0 17.7 46.0 34.8 1.5 (1.33)
August 18 0.0 73.3 25,0 1.7 0.0 (0.87) 0.0 26.0 41.7 30.0 2.3 (1.3
September 17 0.0 48.7 40.0 9.1 2.2 (1.03) 0.0 7.8 25.7 38.9 27.6 (1.63)
October 9 1.3 59.7 34.4 3.3 1.3 (0.96) 0.0 35.6 27.7 16.7 20,0 (1.18)
Novenber 10 0.0 42.0 46.0 12.0 0.0 (1.10 0.0 5.2 42.8 38.0 14.0 (1.5L)
Decenber 6 0.0 63.3 14.7 22,0 0.0 {1.13) 0.0 0.0 6.7 35.3 58.0 (2.00)
81l _Areas Combined (Yearly Bverage)
105 0.3 63.8 30.4 5.1 0.4 (0.93) 0.0 14.6 35,5 37.8B 12.1 (1.43
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Diaptonus Cyclops
0.50- 0.00- 0.50-
0.99 Mean 0.49  0.99 Mean
Enery Area
85.0 0.0 (0.8 5.0 90.0 5.0 (0.70)
50.0 6.5 (0.68)  22.5 75.5 2.0 (0.67)
60.0 0.0 (0.58) 41.0 59.0 0.0 (0.51)
32.5 0.0 (0.44) 50,0 50.0 0.0 (0,54)
30.0 2.5 (0.51) 62,5 32,5 5.0 (0.54)
78.0 4.0 (0.70)0  27.0 73.0 0.0 (0.55)
70.0 0.0 (0.6G)  30.0 70.0 0.0 (0.69)
§0.0  20.0 (0.74) 35,0 55.0 10.0 (0.61)
75.0 0.0 (0.61) 20.0 80.0 0.0 (0.60
Murray Area
80.0 15.0 (0.91) 5.0 95.0 0.0 (0.78)
60.0 15.0 (0.72)  36.7 61.7 1.6 (0.56)
62.5 2,5 (0.58) 32.5 67.5 0.0 (0.57)
35.0 0.0 (0.43) 7.5 50,0 2.5 (0.54)
50.0 2,5 (0.54) 47.5 50.0 2.5 (0.51)
72.5 5.0 (0.69)  30.0 70.0 0.0 (0.54)
70.0 0.0 (0.66)  30.0 70.0 0.0 (0.60)
60.0 20.0 (0.74) 35.0 55.0 10.0 (0.61
75.0 0.0 (0.61)  20.0 80.0 0.0 (0.60)
Sullivan Area
80.0 15.0 (0.91) 5.0 95.0 0.0 (0.78)
77.5 5.0 (0.69)  27.5 72.5 0.0 (0.56)
75.0 0.0 (0.61)  35.0 65.0 0.0 (0.5%)
57.5 2.5 (U.59) 32,5 67.5 0.0 (0.58)
37.5 2.5 (0.51) 35,0 57.5 7.5 (0.60)
72.5 5.0 (0.69) 30.u 70,0 0.0 (0.54)
70.0 0.0 (0.66)  30.0 70.0 0.0 (0.60)
60.0 20.0 (0.74)  35.0 55.0 10.0 (0.61)
ALl Areas_ cuavingd
81.7 13.3 (0.89 5.0 93.3 16.7 (0.7%)
62.7 11.9 (0.69) 28,2 70.6 11.8 (0.60)
64.0 1.0 (0.5%)  36.4 63,6 0.0 (0.54)
41.7 0.8 (0.48) 43.3 55.8 0.9 (0.55)
39.2 2.5 (0.52)  48.3 46.7 5.0 (0.55)
74.1 4.7 0.69)  29.1 70.9 0.0 (0.54)
70.0 0.0 (0.65) 30,0 70.0 0.0 (0,60
60.0 20.0 (0.74) 35,0 55.0 10.0 (0.61)
75.0 0.0 (0.0l 20.0 80.0 0.0 (0.60)
Al was_Coninnd (Yearly Average)
59,2 5.3 (0.62)  34.2 63.7 (0.58)
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Appendix BH. Zooplankton densities (N'M73) estimated from
Schindler Trap samples taken from Emery Area of
Hungry Horse Reservoir, 1983.

Standard
TAXON Aug. Sept. Oct, Nov. Dec. Year deviation
Ope_Meter
Daphnia 0 Q 0 0 0 0 0
Bosmina 0 0 0 0 ¢] ) 0
Diaptomus 1] 0 0 0 0 0 0
Cyclops 0 0 0 0 0 0 0
Epischura 0 0 0 0 Q 0 0
Three Meters
Daphnia 1,510 110 430 1,170 90 662 644.8
Bosmina 280 210 1,850 1,370 280 798 760.9
Diaptomus 370 1,280 320 1,030 230 646 475.6
Cyclops 2,440 7,060 1,710 1,730 440 2,676 2,554.6
Epischura 40 0 50 40 0 26 24.1
Six Meters
Daphnia 1,050 1,190 1,320 1,740 230 1,106 553.5
Bosmina 430 78¢ 1,500 2,120 180 1,002 798.4
Diaptomus 200 590 1,010 1,740 140 736 660.9
Cyclops 1,550 2,830 5,080 3,830 800 2,820 1,722.4
Epischura 160 o} 90 0 0 50 72.8
Nine Meters
Daphnia 1,170 920 1,900 800 360 1,030 568.0
Bosmina 180 600 2,690 980 230 936 1,032.2
Diaptomus 50 920 1,640 910 280 760 623.9
Cyclops 1,960 6,140 6,080 2,600 800 3,516 2,454.4
Epischura 90 0 20 0 0 22 39.0
Iwelyve Mefers
Daphnia 1,460 480 2,050 1,620 210 1,164 784.0
Bosmina 160 300 2,460 1,100 180 840 985.1
Diaptomus 120 390 1,490 1,010 160 634 596.3
Cyclops 2,080 3,520 5,870 4,660 640 3,354 2,064.7
Epischura 0 0 0 0 0 0 0
Eifteen Meters
Daphnia 2,170 460 1,000 1,300 360 1,058 732.C
Bosmina 160 430 1,810 660 340 680 656.9
Diaptomus 510 270 1,390 640 230 608 468.9
Cyclops 2,220 3,130 5,600 3,260 870 3,016 1,731.2
Epischura 40 20 0 0 0 12 17.9
Twenty_ Meters
Daphnia 270 120 250 730 530 380 245.8
Bosmina 90 200 920 730 280 444 360.6
Diaptomus 160 110 360 690 690 402 279.1
Cyclops 830 1,05C 1,870 2,170 1,780 1,552 553.5
Epischura 20 0 0 0 0 4 8.9
Twenty-Five Meters
Daphnia 370 210 - 370 1,280 280 502 440.1
Bosmina 40 90 440 1,050 300 384 405.7
Diaptomus 250 440 420 620 230 392 159.3
Cyclops 850 3,110 1,570 3,010 960 1,900 1,094.4
Epischura o} 0 0 0 0 0 0
Thirty Meters
Daphnia 270 340 90 850 280 366 286 .2
Bosmina 70 300 340 680 500 378 228.3
Diaptomus 140 300 360 710 690 440 250.7
Cyclops 850 2,100 960 2,350 940 1,440 723.2
Epischura 0 20 0 0 0 4 8.4



Appendix B11, Continued, Murray Area.

Standard
TAXON Aug. Sept. Oct. Nov. Dec. Year deviation
Que_Meter
Daphnia 0 0 0 0 0 ] 0
Bosmina 0 0 0 0 0 0 0
Diaptomus 0 0 0 0 0 0 0
Cyclops 0 0 0 0 0 0 0
Epischura 0 0 0 0 0 0 0
Three Meters
Daphnia 940 840 2,420 1,440 1,760 1,420 663.5
Bosmina 330 360 3,260 1,740 1,230 1,39 1,194.3
Diaptomus 1,030 940 1,190 910 1,710 1,156 328.3
Cyclops 3,720 3,200 5,210 2,120 1,740 3,198 1,379.2
Epischura 20 50 0 0 (4] 14 21.9
Six Meters
Daphnia 1,660 590 2,380 1,190 1,370 1,438 656.1
Bosmina 340 430 1,550 1,210 710 848 518.6
Diaptomus 430 460 360 430 1,500 636 484.4
Cyclops 3,950 3,080 5,300 1,190 1,800 3,064 1,650.4
Epischura 50 0 0 0 0 10 22.4
Nipe Meters
Daphnia 780 570 1,600 730 760 888 406.5
Bosmina 90 500 1,090 1,050 840 714 419.9
Diaptomus 430 440 120 570 1,050 522 338.3
Cyclops 3,040 5,140 4,950 1,320 1,500 3,190 1,821.8
Epischura 120 20 20 0 0 32 50.2
Iwelve Meters
Daphnia 1,000 320 360 620 870 634 301.5
Bosmina 160 340 320 1,160 500 496 390.2
Diaptomus 520 110 70 430 1,480 522 570.2
Cyclops 2,740 3,080 2,310 1,450 2,050 233 615.4
Epischura 70 0 0 0 0 14 31.3
Fifteen Meters
Daphnia 960 270 710 370 1,170 696 381.6
Bosmina 90 160 320 690 530 358 251.1
Diaptomus 570 180 70 200 1,350 474 524.7
“yclops 2,860 3,970 2,470 780 1,670 2,350 1,206.9
Zpischura 0 0 0 0 0 0 0
Twenty Meters
Daphnia 680 550 340 300 940 562 262.1
Bosmina 40 120 270 550 430 282 211.4
Diaptomus 690 480 110 140 1,330 550 498.7
Cyclops 1,690 2,880 1,730 550 1,710 1,712 823.9
Epischura 20 0 0 0 0 4 8.9
Twenty-Five Meters
Daphnia 280 160 270 410 1,330 490 477.9
Bosmina 0 40 440 1,030 750 450 446.4
Diaptomus 530 140 110 270 1,360 470 492.7
Cyclops 960 910 1,280 550 1,820 1,104 476.7
Epischura 20 0 0 0 0 4 8.9
Thirty Meters
Daphnia 280 90 210 270 960 362 342.7
Bosmina 50 90 70 940 1,000 430 493.6
Diaptomus 140 70 50 200 750 242 290.1
Cyclops 620 870 570 550 1,050 732 219.1
Epischura 0 0 0 0 0 0 0

B-12



Appendix B11. Continued, Sullivan Area

Standard
TAXON Aug. Sept. Year deviation
One_Meter
Daphnia 0 0 0 0
Bosmina 0 0 0 0
Diaptomus 0 0 0 0
Cyclops 0 0 0 0
Epischura 0 0 0 0
Three Meters
Daphnia 410 160 285 176.8
Bosmina 230 530 380 212.1
Diaptomus 870 110 490 537.4
Cyclops 2,720 910 1,815 1,279.9
Epischura 20 0 10 14.1
Six Meters
Daphnia 820 1,300 1,060 339.4
Bosmina 40 660 350 438.4
Diaptomus 620 1,600 1,110 692.9
Cyclops 1,900 4,560 3,230 1,880.9
Epischura 40 0 20 28.3
Nipe Meters
Daphnia 480 280 380 141.4
Bosmina 140 550 345 289.9
Diaptomus 410 360 385 35.4
Cyclops 1,140 2,470 1,805 940.5
Epischura 20 0 10 14.1
Twelve Meters
Daphnia 620 590 605 21.2
Bosmina 180 660 420 339.4
Diaptomus 760 360 560 282.8
Cyclops 1,980 3,220 2,600 876.8
Epischura 0 0 0 0
Eifteen Meters
Daphnia 390 320 355 49.5
Bosmina 40 480 260 311.1
Diaptomus 590 70 330 367.7
Cyclops 780 1,070 925 205.1
Epischura 20 20 20 0.02
Twenty Meters
Daphnia 300 410 355 77.8
Bosmina 20 410 215 275.8
Diaptomus 210 20 115 134.4
Cyclops 620 840 730 155.6
Epischura 40 0 20 28.3
Iwenty-Five Meters
Daphnia 120 230 175 77.8
Bosmina 0 110 55 77.8
Diaptomus 230 40 135 134.4
Cyclops 430 340 385 63.6
Epischura 20 0 10 14.1
Thirty Meters
Daphnia 70 140 105 49.5
Bosmina 90 160 125 49.5
Diaptomus 390 120 255 190.9
Cyclops 590 870 730 198.0
Epischura 0 Q 0 V]



Appendix Bt2. Zooplankton dJdensities (N-M3) estimated from Schindler
Trap samples taken from Emery Area of Hungry Horse
Reservoir, 1984,

Standard
TAXON May June  July Aug.  Sept. Oct. Nov. Year deviation
One_Meter
Naphnia 2,790 213 178 3,020 196 249 498 1,021 1,293.,5
Bosmina 0 0 0 1,530 1,890 142 231 542 809.5
Diaptomus 11,500 765 1,370 1,850 409 178 1,740 2,545 4,000.8
Cyclops 2,210 480 36 3,820 2,470 2,150 2,510 1,954 1,291.8
Epischura 0 0 18 18 53 18 0 15 18.9
Three Meters
Daphnia 1,920 249 2,490 9,980 1,620 836 1,210 2,615 3,328.4
Bosmina 18 36 285 6,080 1,690 1,030 712 1,407  2,145.2
Diaptomus 4,390 1,330 15,800 6,400 2,920 783 1,510 4,733 5,263.6
Cyclops 1,370 1,490 1,570 8,330 5,250 5,660 3,740 3,916 2,652.3
Epischura 0 0 0 53 36 36 0 18 23.0
Six_Meters
Daphnia 1,920 659 9,110 4,450 1,740 819 694 4,348 4,382.6
Bosmina 0 0 213 4,540 1,230 925 445 1,050 1,607.3
Diaptomus 2,170 465 15,200 2,130 2,510 872 1,070 4,603 5,300.4
Cyclops 1,100 147 5,050 4,870 4,930 6,000 2,790 3,909 1,753.3
Epischura 0 0 0 36 71 71 0 25 33.8
Nipe_Meters
Daphnia 569 9,060 13,700 6,550 1,100 1,100 765 4,692 5,194.6
Bosmina 0 0 178 5,620 1,580 1,010 463 1,264 2,006.5
Diaptomus 925 5,910 10,400 1,280 1,230 925 1,140 3,116 3,681.0
Cyclops 979 2,350 4,980 6,120 3,670 8,590 2,950 4,234 2,556.1
Epischura 0 0 0 142 18 36 0 26 52.1
Tyelve Meters
Daphnia 552 6,780 7,850 8,110 890 1,210 1,350 3,820 3,549.3
Bosmina 0 0 53 3,130 2,240 1,670 854 896 1,226.9
Diaptomus 1,300 6,190 5,020 1,280 872 1,280 1,550 2,499 2,157.8
Cyclops 979 1,870 2,240 4,340 3,650 7,150 5,500 3,676 2,176.9
Epischura 0 0 0 18 36 18 0 10 14.2
Fifteen Meters
Daphnia 245 3,220 7,260 7,050 1,410 2,060 534 3,112 2,931.8
Bosmina 0 0 0 925 3,340 1,670 338 896 1,244.5
Diaptomus 516 3,720 14,600 2,210 605 1,740 1,260 3,522 5,005.3
Cyclops 338 694 2,560 3,420 3,330 11,900 5,040 3,897 3,886.2
Epischura 0 0 0 18 36 36 0 13 17.1
Twenty Meters
Daphnia 231 3,260 3,580 5,500 1,190 676 463 2,129 2,004.9
Bosmina 18 18 0 747 1,190 587 498 437 453.0
Diaptomus 409 4,340 4,090 1,440 534 1,010 1,030 1,83 1,661.9
Cyclops 285 1,070 1,160 2,130 1,760 5,800 3,200 2,201 1,834.,1
Epischura 0 0 0 o] 0 36 0 5 13.6
Twenty-Five Meters
Daphnia 178 3,470 2,290 4,390 552 445 498 1,689 1,701.5
Bosmina 0 18 36 480 641 480 409 295 268.3
Diaptomus 480 4,270 2,920 1,120 338 641 956 1,538 1,483.6
Cyclops 338 1,070 979 1,390 1,160 4,960 3,450 1,907 1,660.9
rpischura 8 4] 0 o 0 0 4] 4] 0
Thirty Meters
Daphnia 142 3,970 2,260 1,550 285 267 516 1,284 1,423.9
Bosmina 0 0 36 231 516 338 463 226 220.3
Diaptonus 32 4,450 2,650 747 160 676 979 1,426 1,564.7
Cyclops 178 1,070 1,030 1,030 801 2,900 3,910 1,560 1,329.5
Cpischura 0 0 0 18 18 0 0 5 8.8
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Appendix B12.

Continued, Murray area.

Standard
deviation

Daphnia
Bosmina
Diaptomus
Cyclops
EL: schura

Daphnia
Bosmina
Diaptomus
Cyclops
Epischura

Daphnia
Bosmina
Diaptomus
Cyclops
Epischura

Daphnia
Bosmina
Diaptomus
Cyclops
Epischura

Daphnia
Bosmina
Diaptomus
Cyclops
Epischura

Daphnia
Bosmina
Diaptomus
Cyclops
Epischura

Daphnia
Bosmina
Diaptomus
Cyclops
Epischura

Daphnia
Bosmina
Diaptomus

Cyclops
Epischura

Daphnia
Bosmina
Diaptomus
Cyclops
Epischura

1,670

36
3,080
1,190

783

1,120
712

907

2,150
1,570

427
53
1,600
1,280

196

1,100
480

231

516
213

53

231
89

552

1,530
658
0

391
36
6,670
1,190

1,670

5,360
1,480
0

3,270

3,810
1,530

1,050
36
1,210
818

396

2,620
729

729
36
1,640
498

872

1,650
552

1,210

2,130
854
0

800
53
3,040
1,730

4,230

18
3,060
2,290

8,070

142
4,450
5,140

2,670

71
1,140
1,460

3,430
53
1,810
1,870
0

1,810

18
1,370
1,800

2,420
36
2,010
1,390
0

1,620

1,260
1,300
0

Aug.  Sept. Oct.
Qoe_Meter
979 285 391
925 1,070 445
1,920 1,120 2,420
7,060 2,530 5,390
53 0 18
Three Meters
4,130 1,250 1,740
1,210 783 1,740
2,420 1,300 1,580
7,830 3,560 6,030
89 0 53
Six_Meters
4,070 694 2,190
1,780 836 2,300
1,280 818 1,760
5,250 2,670 12,200
107 0 18
Nine Meters
15,200 605 1,250
2,490 1,120 925
1,640 801 765
8,610 2,690 3,150
35 0 53
Twelve Meters
14,900 623 231
1,350 783 409
1,920 445 338
6,550 1,800 2,940
18 0 18
Fifteen Meters
5,940 3,770 285
356 694 587
729 676 463
2,380 2,760 5,370
0 53 18
Twenty Meters
4,520 2,120 445
160 142 196
356 160 498
1,560 1,120 2,140
0 0 53
Twenty-Five Meters
2,330 587 231
53 552 214
445 338 125
1,080 623 890
0 ] 0
Thirty Meters
2,120 267 142
71 107 320
302 178 178
1,210 356 587
0 0 0
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2,600
1,050
2,650
4,430

18

1,920

979
1,510
3,270

2,460
872
2,120
4,070
0

1,960

578
1,765
3,905

1,460

285
1,410
3,740

1,230

320
1,390
3,010

1,960

498
2,170
5,070

783
267
534
1,230
0

480
302
605
2,150
0

374
196
836
1,600

498
356
907
1,690
0

694
462
1,410
1,900

462
125
1,120
2,030

605
231
907
1,800
18

480

338
1,480
2,170

534
320
1,710
3,240

498
249
1,490
819

0

1,534
629
2,555
3,300
22

2,074
784
2,053
3,795
16

4,120

741
2,099
3,562

2,728

389
1,185
2,577

2,057

1,212
2,300
11

1,537

174
1,024
1,821

976
183

1,137
2

861
140
959
992

0

865.8
493.6
7,672.5
2,489,2
18.8

1,208.3
648.1
1,853.0
2,458.3
33.9

1,464.5
856.8
1,528.2
3,696.8
37.5

5,282.2
802.3
1,347.9
2,386.9
21.0

4,981.1
462.6
547.5

1,859.2

8.3

2,084.6
1,186.6
713.0
1,528.9
18.8

1,422.3
172.1
731.7

1,496.5
18.7

903.9
193.5
770.2
945.9

6.4

709.6

128.6

741.3

562.2
0



Appendix B12. Continued, Sullivan Area.

Standard
TAXON May July Aug. Sept. Oct. Nov. Year deviation
""""""""""""""""""""""""" Dpe_Meter  ~ 7 - T -
Daphnia 1,330 320 230 2,540 0 2,490 1,152 1,150.5
Bosmina 160 35 20 480 18 783 249 315.6
Diaptomus 7,310 89 230 3,310 36 5,050 2,665 3,077.3
Cyclops 9,950 142 820 4,800 925 8,040 4,113 4,165.1
Epischura 0 0 40 18 0 71 22 29.0
Three Meters
Daphnia 516 800 520 1,960 136 2,280 1,045 860.1
Bosmina 71 35 1,140 658 160 658 454 438.8
Diaptomus 2,140 2,400 2,600 2,470 1,510 3,810 2,588 738.6
Cyclops 3,330 1,230 2,940 4,380 4,750 5,660 3,715 1,563.4
Epischura 0 0 0 53 0 36 6 14.7
Six_Meters
Daphnia 267 5,320 3,670 2,150 516 4,110 2,672 2,038.7
Bosmina 89 231 2,310 231 107 1,010 663 876.9
Diaptomus 694 3,310 1,090 1,510 1,490 6,510 2,434 2,189.1
Cyclops 1,030 2,420 4,470 3,310 4,150 7,530 3,818 2,204.5
Epischura 0 0 0 18 36 18 12 14.7
Nine_Meters
Daphnia 36 978 11,320 1,580 747 4,820 3,247  4,292.7
Bosmina o] 36 3,630 196 409 1,190 910 1,402.1
Diaptomus 71 801 960 1,760 890 5,500 1,664 1,954.5
Cyclops 125 445 4,380 3,150 4,950 10,900 3,992 3,925.1
Epischura 0 0 20 0 0 36 9 15.3
) Twelve Meters
Daphnia 231 409 10,180 1,030 498 3,260 2,601 3,877.8
Bosmina 18 89 4,840 569 142 516 1,029 1,881.0
Diaptomus 1,390 356 1,280 1,190 1,600 3,130 1,491 909.0
Cyclops 1,490 23Fr 3,350 2,860 4,360 7,600 3,315 2,549.6
Epischura 0 00 0 0 36 ] 6 14.7
Fifteen Meters
Daphnia 36 302 11,100 3,290 302 2,810 2,973 4,220.7
Bosmina 0 62 930 1,170 231 1,100 582 541.8
Diaptomus 36 516 1,280 1,120 641 3,810 1,234 1,338.2
Cyclops 0 373 1,280 3,310 4,020 10,100 3,181 3,747.3
ol ra 0 8] 0 71 0 0 12 29.0
Twenty Metors
Daphnia b/ 196 5,320 2,970 156 1,650 2,066 2,154.8
Bosmina 36 480 872 178 765 466 361.3
Diaptonus 676 780 961 338 2,300 1,011 755.4
Cyclops 516 910 1,600 3,130 7,700 2,771 2,930.2
Epischura 0 0 18 0 0 4 8.0
Twenty-Five Meters
Dapninia 534 2,970 1,390 391 1,160 1,289 1,028.2
Bosuina 36 250 285 196 498 253 166.9
Diaptonus 961 480 516 178 1,090 645 374.1
e lops 391 800 1,410 1,250 4,720 1,714 1,726.9
Lnisenura 0 0 0 0 0 0 0
Thirty Mgters
Daphinia 338 1,440 1,250 328 1,530 979 594.0
405010 8] G0 213 71 231 195 177.0
DLAPLOnas 39 340 409 427 836 481 201.3
Cyeliops 3456 500 894 1,090 4,236 1,406 1,604.9
borschura 0 0 0 [¢] a 0 0
/= no sanples below 20 m for May.
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Appendix B13, Zooplankton densities (N°M73) estimated from Schindler
Trap samples taken from Emery Area of Hungry Horse
Reservoir, 1985.

TAXON June July Year
Qne_Meter
Daphnia 667 2,000 1,334
Bosmina 0 1,500 750
Diaptomus 4,333 6,600 5,467
Cyclops 8,667 4,700 6,684
Eoischura 0 0 0
Three Meters
Daphnia 2,333 3,917 3,125
Bosmina 1,000 12,167 6,584
Diaptomus 5,667 25,833 15,750
Cyclops 16,333 10,583 13,458
Epischura 0 0 0
Six Meters
Daphnia 2,083 7,583 4,833
Bosmina 0 42,350 21,175
Diaptomus 7,917 23,567 15,742
Cyclops 16,250 17,967 17,108
Evischura 0 0 0
Moz Meters
Daphnia 3,750 9,867 6,808
Bosmina 417 26,800 13,608
Diaptomus 4,167 11,467 7,817
Cyclops 13,750 18,133 15,942
Epischura 0 0 0
Tvelve Meters
Daphnia 417 8,392 4,404
Bosining 417 19,233 9,825
Diuptomus 4,167 9,317 6,742
Cyclops 12,917 19,108 16,012
Epischura 0 0 0
Fifteen Meters
Daphnia 467 6,917 3,692
Bosmina 267 11,667 5,967
Diaptonus 2,133 7,167 4,650
Cyclons 3,000 20,083 11,542
Epischura 0 0 0
Twenty_ Meters
Daphnia 0 2,333 1,166
Bosmina 0 6,800 3,400
Diaptomus 2,333 5,800 4,066
Cyclops 4,333 3,133 6,233
Eoluchura 0 0 0
Twenly-Live Meters
Daphnia 583 1,600 1,092
Bosmina 150 5,667 2,908
Diaptomus 533 3,867 2,200
Cyclops 2,583 4,400 3,492
Epischura 0 0 0
Thirty Meters
Daphnia 133 1,150 642
Bosmina 50 4,050 2,050
Diaptomus 1,433 3,350 2,392
Cyclons 1,943 4,200 3,092
Fpischura 0 0 0
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Appendix B13, Continued, Murray Area.

Daphnia
Bosmina
Diaptonus
Cycloos
Epischura

Daphnia
Bosmina
Diaptomus
Cyclops
Epischura

Daphnia
Bosmina
Diaptonus
Cyclops
Epischura

Daphnia
Bosmina
Diaptonus
Cyclops
Epischura

Daphnia
Bosmina
Diaptomus
Cyclops
Epischura

Daphnia
Bosmina
Diaptomus
Cyclops
Epischura

Daphnia
Bosmina
Diaptonus
Cyclops
Episcihdra

Daphnia
Rosmina
Diaptomus
Cyclops
Enischura

Daphnia
Bosmina
Diaptomus
Cyclops
Epischura

Year

June July
One_Meter
1,917 550
500 50
18,416 750
12,833 1,700
0 0
Three Meters
2,417 3,033
1,167 2,383
19,333 2,933
16,417 5,150
0 50
Six_Meters
916 6,500
1,417 12,500
5,167 9,000
11,250 12,000
0 0
Nine Meters
1,250 12,500
0 15,417
13,250 6,007
8,917 13,333
0 0
Twelve_Meters
17 7,416
150 9,375
2,267 6,167
1,383 8,333
0 0
Fiftecn Meters
917 2,333
750 3,333
8,333 5,667
8,167 3,333
0 0
Twenty Meters
150 2,667
233 1,667
1,750 2,667
1,800 5,000
0 17
Twengy-rive Mefers
1,000 1,750
233 2,000
1,700 2,750
1,667 3,500
0 0
Thirty Met=2rs
333 2,000
317 2,250
2,867 1,750
2,000 4,000
0 17
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1,234

9,583
7,266

2,725
1,775
11,133
10,784
25

3,708
6,958
7,084
11,625

6,875
7,708
9,958
11,125

3,716
4,762
4,217
4,358

1,625
2,042
7,000
5,750

0

1,408
950
2,208
3,400
8

1,375
1,116
2,225
2,584

0

1,192
1,284
2,308
3,000



Appendix B13,

Continued, Sullivan Area.

Daphnia
Bosmina
Diaptonus
Cyclops
Epischura

Daphnia
Bosmina
Diaptomus
Cyclogs
Ipischura

Daphnia
Bosmina
Diaptonus
Cyclops
Epischura

Daphnia
Bosmina
Diaptonus
Cyclops
Dulsciura

Dapinia
Basming

Diapton.:

Cyclops
Uplschura

Dapinia
Rosmina
Diaptomus
Cyclops
Yoischnura

Daphnia
Bosain
Diantonas
Cyclops
Solsenura

Dapnnia
Bosmina
Dlavto.us
Cyclops
oischura

Daphnia
Bosmina
Diantonus
Cyclons
Enischura

18

18

30
125

0

4
302
3%

0

125
6

June July
One_Meter
383 1,000
17 1,000
1,567 8,667
3,967 1,500
0 650
Three_Mzters
417 1,250
50 5,000
5,850 6,500
7,333 1,250
33 67
Six_Meters
257 5,500
33 5,750
5,817 6,250
1,783 3,250
17 67
Nine Msters
150 4,000
33 3,333
2,867 4,000
1,517 3,000
0 50
Tyolve Hzters
500
2,250
2,250
1,000
33
Piffeen Meters
750
1,500
1,500
750
o
dwenty Mzters
250
967
433
433
0
Twenl /=Fjve Maters
133
233
250
267
0
Toirty Meters
167
733
550
367
O]

556
1,695
4,129
1,325

39

1,922
1,928
4,034
1,707

34

1,389
2,739
2,301
1,547

17

250
1,125
1,125

651

375
50
750
438
18



Appendix B14, The number and weight () of aquatic macroinvettebrates'm'2 in benthos samples froa
Emery, Murray and Sullivan areas of Hungry Horse Reservoir June through November,

1984,
Mean larvae .~ __ Pupge _ ___ Total __  _Qligochecta ___Other
Date Depth(m) No. Wt. No. Wt, No. wt. No. Wwe. No. Wt.
Pnery_Area 1984
June 6 11.7 ——— e — —— —
27.3 46.6 0.147 --—- —o—- 46.6 0.147 7.2 0.002 _— -
48.3 10.8 0.047 -— -—- 10.8 0.047 14.3 0.005 ——— e
August 10 8.3 43.0 0.079 3.6 0.037 4.6 0.116 107.5 0.043 ——— e
28.0 663.1 1,078 —- -—— 663.1 1,078 308.3 0.242 — -
53.0 236.5 0.575 --—~ -—-— 236.5 0.575 186.4 0.223 ——— e
November 7  14.8 57.3  0.075 ——- —-——v 57.3 0.075 -—-—- ———- —— e
31.8 50.2 0,120 —— ——— 50.2 0.120 3.6 <0.001 _— -
51.5 186.4 0.967 —— -——— 186.4 0.967 7.2 0.013 _— e
Summary  11.6 33.4 0.052 1.2 0.012 34.6 0.064 35.8 0.014 —
29.1 253,3 0.448 —— -——— 253,3 0.448 106.4 0,081 — e
50.9 144.6 0.530 —— ——— 144.6 0.530 69.3 0.081 _—
Murray drea 1984
June 20 19.3 8.1 0.006 2.7 0.002 10.8 0.008 5.4 0.002 —— e
28.3 83.3 0.135 —- ——  83.3 0.135 51.1 0.033 —
60.3 430.1 0.315 14.3 0.104 444.4 0.419 28,7 0.007
August 9 3.0 154.1 0,171 -— -—— 154.1 0.171 17.9  0.012 3.6 0.005
25.8 559,1 1.960 --— ——— 559.1 1.960 207.9 0.173 ——— e
50.5 455.2 0.351 —— -—— 455.2 0.351 147.0 0.459 —_— e
November 8 10.8 14.4 <0.001 -—- - 14.4 <001 -—-- ——- m— e
30.2 211,5 0.839 —— ———— 211.5 0.839 14.3  0.14 ——— e
50.8 75.3  0.505 ——— -—— 75.3  0.505 ———~ @ ————- —— e
Summary  11.9 53.8 0.054 1.1 0.001 54.9  0.055 7.5 0.004 3.2 0.007
28.1 264.5 0.894 -  ———  264.5 0.894 87.1 0.069 ——— e
53.9 320.2 0.391 4.8 0.035 325.0 0.426 58.5  0.155 —— e
Sullivan Bcea 1984
June 21 8.3 28.7 0.068 ——-- —-——m 28.7 0.068 17.9  0.071 — -
37.7 172.1 0.423 3.6 0.005 175.6 0.428 89.6 0.047 —— —eee
August 8 3.8 168.4 0.125 — --—- 168.4 0.125 35.9  0.043 7.2 0.057
34.2 440.9 0.545 —— —-—-  440.9 0.545 240.1 0.312 — e
November 8  10.2 333.4 0.305 -—- --—- 333.4 0.305 28,7 0.133 —_
33.5 50.2 0,136 —- —— 50.2 0,136 ~——— ——— e -
44.5 125.5 0.701 -—- --— 125.,5 0.701 14.4 0.008 —— -
Summary 7.4 176.8 0.166 — —— 176.8 0.166 27.5 0.082 2.4 0.019
35.1 221.0 0.368 1.2 0,002 222,2 0.370 109.9 0.370 -— -
44.5 125.5 0.701 -—- —— 125.5 0.701 14.4 0,008 —_ e
Areas._Combiped 1984
10.4 86.8 0.089 0.8 0.004 87.6 0.093 23.1  0.033 1.9  0.008
[144.418/ [42.31
30.7 246.9 0.582 0.4 0,001 247,3 0.583 100.6 0.089 —— e
[296.1] {154.9]
51.3 217.1 0.495 2.1 0.015 219.1 0.510 41.6 0,102 —— —————
1218.1] 160.7]

8/ Standard deviation in brackets.
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Appendix B15,

June

Augast

tembnr

S0

3

Octobr

Movenber

ay

Junn

Juiy

Adjust

Septanber

Ocloier

Howvember

Suly

August

toaTer

The number and weight{q) of aquatic macroinvertebrates.m2
Murray and

Bmery,

1935,

Mean
Depth {m)

15.2
33.9
A9.0

4.6
35,0
35,0

13.0
.2

7.0
3
W10

4.0
37.0
430

4.0
33.3
78.6

i

Sullivan areas ol Hungry Horse Reservoir May through

25,1
10.8

96.8

53,8
481.9

3.0
LU
9, .1

46.6
60,9

7.2
LI
25,1

06,8
129.0

0.072
0,037

0.004
0012
3,072

0.001
0.760
0,001

0,042
0,962
0,252

0.023
0,506
1.068

0,121
1.247
0,262

0.012
0.276

0.043
0.163

0.898

0.002
0.116

0.07%2
0.362

Sullivan_Area 1995
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14.4
11,1

0.001
0,765
2.011
0,076
0.952
0.2%2
0,023
0,506
1.068
0.121
1,247
0.262

in benthos samples

0Qligochacta
No. Wt

4 0.009 -
2 0.673 -
7 0.026 -

0.9 0.001 -
0,059 -

from

Novembr2r,

—_-Qtber___
No. Wt

146.9
330.9
200.7

204.3
233.0
206.7

2.3
175.6
189.9

0.005 -

0.047
0.073
0.0%3

0.001
0.013
0.108

0.004
0.002
0.109

a.m7
0.435

0.451
0.2717

0.29%
0.263
0.075

0.181
0.181
0.244

0.015

0.129
0.164

L0115

3.6 0.0m



Appendix B16. The number and weight (g) of aquatic macroinvertebrates n2 in

benthos samples from Emery, Murray and Sullivan areas of Hungry
Horse Reservoir, 1985. Monthly samples are combined,

Mean __Larvae __ __Pupae __ ____Total __ Qligochaeta ___Other _
Depth (m) No. Wet. No. Wt. No. Wt. No. wt. No. Wwt.
Pmery Area
10.8 19.7 0.033 0.6 0.005 20.3 0.037 184.6 0,055 --—- —————
32.5 209.1 0.593 1.2 0.001 210.3 0.595 383.5 0.431 — -———-
59.4 57.4 0.282 0.6 0.002 58.0 0.284 238,3 0.172 -—= -————
Murray Area
11.0 8.2 0.067 -— --——— 8.2 0.007 61.4 0.073 -— -—-———-
34.0 111.8 0.237 3.8 0.007 115.6 0.244 188.2 0.211 —- -————
67.0 174.7 0.249 6 7 0.001 175.4 0.250 232.5 0.170 —-— -~
Sullivan_ Area
10.1 22.7 0.045 0.6 0.00L 23.3 0.046 96.8 0.052 0.6 0.002
34.5 81.7 0.333 1.1 0.004 82.8 0.337 331.7 0.350 0.5 0.001
Aregs_Combined
10.7 16.4 0.027 0.4 0.002 16.8 9.029 111.5 0.061 0.2 0.0C1
[22.219 {119.2]
33.7 131.6 0.381 2.0 0.004 133.7 0.385 298.3 0.331 0.2 0.001
[131.1] 1277.4]
63.0 112.6 0.267 0.6 0.001 112.2 0.268 235.6 0.171 --- -—=—
[176.2] {215.3]

3/ standard deviation in brackets
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Appendix Bl7. The mean number and weight (g) of surface insects captured per hectare from
Hungry Horse Reservoir in the Emery, Murray and Sullivan areas April-Novenber,
1984. Sarmples were taken nearshore ({100 m) and offshore (2100 m).

Ar=ag
Qnery Marea Sullinag Agaas Corbinad
tarshora Qff3hora Mearshora Qffshora Neagshora Dffshora Mearshoca Qffshoca
Month (N Insect Group Number Weight Numper Weight MNurbec Weight Nunder Weight Number Weight Mumpecr Waight Minber Weizht MNurtber Waight
April (12) Coleoptarans 0.0 0.00 0.0 Q.00 Q0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.0 0.0 0.00 0.0 0.00
Hemipterans 0.0 Q.00 0.0 0.00 Q.0 0.00 0.0 0.00 0.0 0.00 8.5 0.02 0.0 0.00 2.3 0.0%
Homoptecans 0.0 0.00 0.0 0.00 0.0 ¢.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.0
Hymenopterans 8.5 0.02 0.0 0.00 Q.0 0.00 0.0 0.00 g.0 o0.co 0.0 0.00 2.8 0.01 0.0 4@.00
Other 0.0 0.00 8.5 0.08 a.0 0.00 0.6 0.00 0.0 0.00 0.0 0.00 0.0 0.00 2.8 0.03
Total
Tercrestrials 8.5 0.02 8.5 0.08 Q.0 0.00 0.0 0.00 0.0 0.00 8.5 0.02 2.8 0.01 5.6 0.03
Aquatic
Dipterans 17.0  0.14 8.5 0.14 8.5 0.04 33.5 0.15 42.0 0.04 33,5 0.10 22.5 0.07 5.2 0.13
Other Aquatics 0.0 0.00 0.0 0.00 0.0 Q.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00
Total Aquatics 17.0 0,14 8.5 .14 8.5 9.04 33.5  0.15 42.0 0,04 33.5 0.10 22.5 0.07 25.2  0.13
TOTAL INSECTS 25.0 0.15 17.0 0.22 8.5 0.04 33.5 0.16 42.0 0.04 42.0 0.11 25.2 0.08 jo.a  0.16
Aceas
V'é Auczyy Sullinag Areas Corbired
2 3 Offshara Mearshore Offzhora 3 a __OQffshora Mearshore Qffshora
Month (V) Insect Group Mumber Weight Number Weight Numbec Weight Number Weight Mumber Weight Mumber Weight umber Weight ‘inbec Weight
May (20) Coleopterans 108.5 2.34 79.0 1.30 37.5 0.68 29.2  0.54 8.5 0.C6 8.5 0.06 60.0 1.22 45.0 0.75
Hemipterans 8.2 0.18 4.2 0.01 0.0 0.00 0.0 0.00 e.0 0,00 8.5 0,08 3.3 0.07 3.4 0.02
Homopterans 0.0 0.00 4.2 <0.01 0.0 0.00 4.2 0.02 8.5 0.0l ¢.0 0,00 1.7  <o0.01 3.4 <0.01
Hymenopterans 129.2 1.60 58.2 0.62 25.0 0.83 4.2 0.04 a.0  0.00 0.0 0.00 61.7 0.97 25.0  0.26
Other 4.2 0.03 4.2 0.04 0.0 0.00 0.0 0.00 0.0 0.00 ¢.0 0.00 1.7 0.01 1.7 o.o0t
Total
Terrestrials 250.0 4.14 150.0 1.94 §2.5 1.51 37.5  0.%9 17.0 0.08 17.0  0.14 128.,4 2.28 78.4 1.05
Aquatic
Dipterans 137.5 1.56 121.0 0.62 133.2 0.50 141.8 0.47 141.5 0.52 183.0 0.99 136.6 0.3¢ 141.7 0.63
Othec Aquatics 4.2 0.15 4.2 0.02 16.8 0.02 4.2 0.02 ¢.0 0.00 0.0 0.00 8.4 0.a7 3.4 0.02
Total Aquatics 141.8 1.64 125.0 0.64 150.0 0.52 146.0 0.48 141.5 0.32 183.0 0.99 145.0 0.37 145.0 0.65

TOTAL INSECTS 391.8 5.79 275.0 2.61 212,35 2,03 183.2 1.07 158.5 0.60 200.0 1.12 273.4 3.25 -223.3  L.70
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Appendix Bl7. (continued)

Ar213
regy. Auroay Sulloaa Az
_Meacsdora:  _ Offshops earshora Qffshaga __Neacshoca ffinoca eiss

=
Month (M) [nsect Grouwp Numper Weight MNumoer Weight Mumoer Weight Numoer Weigat Numoer Weight Munder Waight Muszec Waighs ustoec  Weija:

June (23} Coleopterans 175.0 1.81 62.5 2.80 96.0 3.07 25.0  0.34 4.2 0.07 5.7 0.0% 9.3 1.65 33.4 1.13
Hemiptecans 16.8 0.67 12.5 0.11 12.5 0.12 4.2 0,02 0.0 Q.00 0.0 0.00 3.7 0.2% 5.1 .13
Homoptecrans 0.0 0.00 0.0 0.00 4.2 0.0l 0.0 0,00 6.0 0.00 5.6 3.02 1.4 N*FD)S 1.3 0.1
Hymenoptacans 25.0 1.18 58.2 1.20 95.8 2.61 54,2 2.40 8.5 0.30 5.6 0.12 43.1 1.43 42.5 1.34
Other 4.2 0.04 8.5 .11 4.2 0.06 0.0 .02 3.0 0.3 3.0 Q.00 2.3 0.3 3.1 .34
Total
Teccestrizls 221.0 3,69 141.8 4.21 212.5 5.86 83.2 2.3 12.3 0.56 6.7 0.13 143.3 .37 3.4 2.33
Aquatic
Dipterans 75.0  0.66 127 0.14 33.2 0.5% 12.8 0,07 100.0 0.5t 155.7  0.36 63.4 0.33 sL.7 9.2
Other Aquatics 20.8 0.09 0.0 0.00 4.8 0.24  12.3  o0.14 8.5 0.13 0.0 0.00 23.7 3.13 4.5 0.3
Total Aquatics 95.8 0.76 12.7 0.14 75.0 0.83 24.3  o0.22 108.2 0.64 155.7  0.56 93.0 0.74 6.1 0.2

TOTAL INSXTS 316.5 4.44 154.0 4.34 287.5 6.69 108.5 2,98 120.8  t.20 172.0  0.74 241.6 .11 14823 2.35

Araag
onecy. Murzay Sullian Acz2as Zamnioad
3] 3 N 3 > EE 3| 3 N4 o 2 D et Mayrghooa Ve s ey
Honth (N} Insect Group Number Weight MNumbec Weight MNumbec Weight Nusbec Weljht Mumder Werjhz Mumpec Weight Wu-mner  Ja: R IR 24
July (36) Coleoptecans 16.7 0.16 5.5 0.03 8.5 0.25 2.8 0.01 11.2 0,11 19.3  0.13 121 J.17 3.2 2.7
Hemiptecans 19.5 0.14 8.5 0.40 2.3 Q.01 0.0 0.00 2,3 <0.01 2.3 033 3.4 J.33 3.3 J. 24
Homoptecans 11.2  0.01 2.8 0.02 16.7 0.02 8.5 0.0L 2.3 <0.01 23 0.9 10.2 J.0% 4.7 J.4
Hymenopterans 11.2  0.03 5.7 0.05 8.3 0.05 11.2 9.02 5.3 0.0¢ 13.3 o0.10 3.3 J.o4 10.2 g5
Other 11.0 0.14 2.8 0.26 133 0.04 19.5 .01 2.3 0.09 3.3 0.0 3.2 J.0d J.2 2.3
Total
Tecrestcials 69.5 0.48 25.2 0.75 50.0 0.38 41.3 0.04 25.2 0.4 470 0.33 43.2 J.y 3.9 R
Aquatic
Dipterans 6.2 0.09 5.7 Q.10 36.2 9.14 5.7 0.01 53.3 0.0 55.5 0. 3.5 J. 11 2 R
Othec Aquatics 114.0 0.2) 2.8 0.50 2.8 0.02 2.3 9.0l 9.0 0.9 1.2 0.¢» 13.3 J.03 PR AR
Total Aquatics 150.2  0.32 8.3 0.38 38.8 0.16 8.5 a.32 53.3  0.09 65.7  J.4J 3.4 Jg.19 2.3 ).3%

TOTAL INSECTS 219.5  0.41 3133 L. 89.2 9.5} 50.2  0.37 33,5 o0o.ny 113.3 1.9 137 J. % R N e

1=24



Appendix B17.

(continued)

Araz
qurcay Suillizan Ag2a3 Toroinad
N . % ! Nearsnora Dffzhore L24230077 Qffznora
donth (M) [nsect Group Number Waight ungaer Weljht ‘ucper Weisht Mumoec Waijhs  Muroec Walghm Nutzac Wawjnt Nzer Waujne
Aug. (35) Coleoptarans 3.4 0.18 a.0 0.00 8.5 0.0% 00 0,00 1.0 0.95 0.2 2.71
Hemipterans 0.0 0.00 11.2 0.05 2.3 0.02 3 0.0l 1.3 0.92 2.3 097
Homopterans 3.4 <o.01 102.3 0.09 89.0 0.0% .2 0.03 53.7 0.05 3.4 2.723
Hymenopterans 6.8 0,02 50.0 0.11 1,708.3 9.71 3 1.82 622.4 3.47 0 2243 0.87
Other 1.4 0.01 1.3 0.03 0.0 0.00 30 l.20 5.0 0.91 7.5 0.43
Total
Teccestrials 16.3 0.16 175.2 0.29 1,808.3 9.33 .08 735.0 3,62 235, .23
aquatic
Dipterans 19.8 0.03 125.2 0.27 80.7 0.1% 0.11 73.35 0.15 21.2 .19
Other Aquatics 0.0 0.00 5.7 Q.01 2.8 <0.0t 0.00 3.0 <0.0L 0.3 .0t
Total Aquatics 13.3 0.1} 0.5 0,28 81.5 0.15 0.11 81.4 0.17 24.1 W10
TOTAL INSECTS 36.6 0.19 305.5 0.57 1,891.7 19.0 .20 735.2 3.7% 273.5 .34
Ar=ag
Hucray Sullivan Araag Compiced
Meaczhora learsnors _Mearsrora 2, dearshora Qffsnoca
Month (N) Insect Group Number Weight Number Number Weight Nurber umoer Waijht umber Weight Munbec Weijht umzer Waighs
Sept. (36) Col=opteransa 93.0 0.50 13.8 0.03 19.5 0.02 1.2 0.03 42.1 a9.13 5 0.02
Hemipterans 18.2  0.08 33.2 0.13 3.2 0.10 19.5 0.07 35.3 0.12 7. a.02
Homopterans 171.7  0.66 47.3 0.04 s8.3  0.1% 43.3 0.03% 32,4 8.10 121, 0.08
Hymenopterans 12,381.2 52.52 755.7 4.09 288.8 2.02 27.7  0.80 4,473.9  19.34 3,410 17.32
Other 15.7 0.03 0.0 0.00 6.0 0.00 0.0 0.00 5.2 0.01 8 0.03%
Total
Tercestrials 12,699.7 53.79 861.2 4.34 402.8  2.34 Q.94 4,634.5 20,15 3,532.3 13.10
Aquatic
Dipterans 111.3  o.10 61.2 0.18 86.0 0.27 0.53 86.2 0.13 60. 0.20
Other Aquatics 2.4 0.02 2.3 0.02 2.8 0.02 0.00 2.8 Q.02 0.9 0.01
Total Aquatics 114.0 0.12 64.0 0.19 88.8 0.29 0.55 83.9 0.20 61.2 0.2
TOTAL INSECTS 12,313.5 53.90 9,343. 324.8 4.5} 491.7  2.61 1.43 4,743.3  20.35 3,513.3 13.31




Appendix B17. (continued)

Argas
Emery Murray Sallivan Ar21s Copbined

Of fshara a2 ffanore Maarshora Offshora Nealshoge Offsnore
“onth (M) Insect Group Numoer Weight Number Weight Number Weight Number Weight NumSer Weight Number Weight Mumoer Welght Numder Weight

5 a

Oct. (18) Coleoptarans 0.0 0.0 0.00 0.0 0.00 11.0 0.01 0.0 0.00 0.0 0.00 0.0 0.00 3.7 <0.01
HYemipterans 0.0 0.00 0.0 0.00 16.7 0.07 0.0 0.00 11.3  0.02 16,7 0.c8 9.3 0.03 5.6 0.03
Homopterans 5,7 <0.01 5.7 «<0.01 211.0 0.06 455.7 0.33 200.0 Q.15 489.0 0.34 138.9 0.07 316.8 0.23
Hymenoptarans 0.0 0.00 0.0 0.00 16.7 28,87 11.0 <0.01 27,7 0.13 114.3  0.34 14.8 0.07 51.8 0.11
Other 0.0 0.00 0.0 0.00 16.7 0.06 11.0 0.12 5.7 0.10 5.7 0.0l 7.4 0.05 5.6 0.04
Total

Terrestrials 5.7 <0.01 5.7 «0.01 261.3 0.28 489.0 0.46 244.3  0.40 655.7 0.78 170.4 0.23 383.4 0.42
Aquatic

Diptarans 28.0 0.01 05.7 0.05 89.0 0.04 283.3 0.10 66.7 0.18 94.3 0.18 61.2 0.07 161.1 0.11
Other Aquatics 0.0 0.00 0.0 0.00 5.7 0.01 2.0 0.0 11.3  0.05 5.7 <0.01 5.7 0.02 1.9 <0.01
Total Aquatics 28.0 0,01 105.7 0.05 94.7 .05 283.3 0.10 77.7  0.23 100.0  0.18 66.8 0.09 163.0 0.11

TOTAL INSECTS 33,3 0.01 111.3 0.06 355.7 0.33 772.3 0.56 322.0 0.63 755.7  0.95 237.0 0.32 546.4 0.52

Areag
Bmery Murray Sullivan Ar=3s Combiged
a a

——earshore = _ Offshore —Dffshora it Qffsnore tearshor Dffznore
Month (0 Insect Growp Number Weight Number Weight Number Weight Muzber Weight Nuzber Weight Number Waight Mumoer Weight Number Weight

=or

Noverter Colecptarans 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00
(18} Hemipterans 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00
Homopterans 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0,00 0.0 0.00 0.0 0.00
Hymenopterans 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 6.0 0.00
Other 0.0 0.00 0.0 0,00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00
Total
Tercrestrials 0.0 0.00 .0 .00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00
Aquatic
Dipterans 5.7 0.01 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 1.9 <0.01 0.0 0.00
Other Aquatics 0.0 0.00 0.0 0.060 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00
Total Aquatics 5.7 0.0l 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.00 0.00 1.9 «<o0.01 0.0 0.00
TOTAL INSECTS 5.7 0.01 0.0 0.00 0.0 0.00 6.0 0.00 0.0 0.00 6.0 0.00 1.9 <0.01 0.0 0.00
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Appendix B17. (continued)

Az2as
S[nery. Aucoay Sulli-mn Ar233 Corpigad
axcahoca 2fishocs eacznoca QfZszaca Naacsnors 2ffinnra Na3csnora Efsnoca

Month (W) Insace Geoup Nuncer Waiqht NusEer Weight  Mutber Waight ‘umsec ‘Weljnt Numdee Waight Mumbac Waight uncec Waight lumbec Waigaz
Grand ean Colzoptarans 33.8 0.64 18.6 0.43 19.5 0.4 9.4 0.1L 8.4 0.03 7.0 0.05 7.7 a.40 1.5 0.22
(138) Hemiptacins 13.5 0.1¢ 4.5 g.12 11.3 0.C6 L.0 <0.91 8.9 0.03 7.6 0.09 11.2 0.03 4.2 0.07

Homoptacans 341 0.12 32.3 0.04 48.4 0.03 54.0  o0.0¢ 7.4 0.06 61.3  0.07 43.4 0.07 35.8  0.03

Hymenoptecans 2,273.4  9.39 1,635.1 9.09 161.3 L.17 107.3 0.31 3719.2 2.23 177.4  0.57 935.7 4.34 6747 3.53

Other 6.4 0.0% 8.3 Q.11 6.4 0.32 4.9 0.32 1.1 0.03 3.8 0.27 1.7 0.03 5.9 0.13

Total

Teccestrials 2,332.3 10.84 1,773.4 9.33 247.1 .77 176.0 0.93 149 2.4 257.0  1.05 1,022.3 5.0 752.0 4.05
(4,792.51 (21.311(3,530.01(13.501%

Aquatic

Diptacans 39.7 0.3 349 0.14 §7.2 0.2% 54.9  0.19 72.4  0.21 79.5 0.34 65. 0.25 53 9.13
Other Aquatics 24.)}  0.08 1.3 0.93 9.4 0.04 3.0 0.22 3.2 0.02 2.7 0.0l 12. 0.05 2 0.04
Total Aquatics 83.3 0.39 36.) 0.23 79.5 0.23 35.9  0.13 75.5 0.2% 82.3 0.35 73.

4 .5

] -4

7 0.30 57.3  0.23

[112.01  {0.45] (108.71 (0.301

TOTAL [NS2CTS  2,465.1 11.23 1,913.7  10.03 323.5 2,95 232,37 1.1 520.3  2.863 339.3  1.40 t,101.3 5.31 807.3 4.23
{4,323.31 (21.351(3,337.411(13.57]

YV  5tandard daviations ac2 givan in brackats.
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Appendix B18. The mean number and weight (g) of surface insects captured per hectare from
Hungry Horse Reservoir in the Emery, Murray and Sullivan areas May-November,
1985. Samples were taken nearshore (<100 m) and offshore (>100 m).

Arz3s
nnecy M4 Vi Soailicaa Ar233 Coninad
N 2 Offshoca Mearghorse Qffshoga H2acshoge DEfsnore Jja3czhara Qff3a0ce
Honth (W Insect Gecup unbec Weight Munber “eight  ‘uaber Weight Muader Weijht Nunoec Waijht ‘hinber Haight Nu~zer W2ijht Mumder  Weign:

Hay (48)  Coleoptarans 44,3 0.55 25.9 0.33 72.2 1.42 22,2 0.6% 16.3  0.25 9.2 0.13 4.3 0.79 13.0 0,33
Yemiptaecans 2.8 0.01 2.3 0.18 1.9 a.01 0.0 0.00 1.9 0.0! 1.9 9.0l 2,1 0.%1 1.4 0.05
Yomoptarans 0.01 0.00 0.0 0.00 0.9 0.00 6.0 0.00 0.0 0.00 1.9 9.15 0.0 0.00 0.7 0.35
Hymenogtacans 111.2 0.54 33.3 0.03 83.2 .14 55.5 0.24 .5 0.40 3.8 0.06 70.8 8.34 306  0.13
Othac 2.3 0.02 22.2 0.03 66.7 0.58 20.4 0.16 13.0 0.04 5.7 0.07 30.6 0.24 15,3 0.10
Total

Teccastrials 161,06 1.23 3.3 0.61 224.0 2.15 98.1 1.06 63.1 0.71 22,2 0.44 147.3 1.38 66.0 0.71
Aquatic

Diptecans 55.7 0.14 11.3 0.01 872.1 1.60 133,0 0.62 92.8 0.2% 83.3 0.33 375.8 0.75 35.2  0.36
Other Aquatics 5.3 0.03 2.8 <0.01 3.8 0.14 3.7 0.08 16,8 0.10 16.3 0.08 9.1 0.10 8.4 0.06
Total Aquatics 61.2 0.18 14.0 0.02 875.9 1.74 166.8 0.70 109.2  0.39 100.1 0.40 384.7 0.34 1035 0.42
T0TAL DNSECTS  222.3  1.41 97.3 0.53 1,093.9 3.90 264.9 1.75 172,2  1.09 122.2  0.34 532.6 2,22 1635 1.13

Areas
Emecy drcay Sultivan Ar213_Conbinad
‘acshore of fshora Mearshora Affshoga 2arzhora Q5Fshoce . laarsnoca Offshora

Month MM Insect Group Numbec Weight Numbec Weight Iumber Waight Number Weight Numbec Waight tumbec Waijht MNunber Weight Number Weight

Juna (48) Colacptacans 5.7 0.05 14.0 0.15 27.8 0.62 22.3 0.31 50.0  0.29 16.7 0.16 27.8 0.39 13.8 0.23
Hemiptacans 0.0 0.00 0.0 0.00 5.6 0.10 7.0 0.14 0.0 0,00 0.0 0.00 2.8 0.35 3.5 0.07
Homoptarans 0.0 0.00 2.8 0.01 1.4 <0.01 1.4 <0.01 2.3 0.72 13.5  0.04 1.4 0.13 6.3 0.01
Hymanoptacans 0.0 0.00 8.5 1.5% 5.7 0.07 7.1 0.08 2.8 0,03 3.1 0.04 1.5 0.0% 7.3 0.45
Othec 11.2 <0.01 0.0 0.00 4.2 0.04 2.3 0.02 2.3 <0.0L 5.7 0.03 5.5 0.03 2.3 0.03
Total

Terrestcials 16.83  0.95 25.2 1.75 43.5 0.32 40,2 0,54 58.3  1.02 4%.3 0.31 41.0 1.53 8.9 0.73
Aquatic

Oipterans 30.5 0.99 13.8 0.03 22.3 0.04 15.2  0.02 35.0 0.09 52.3 0.29 27.8 0.05 243 0,07
Jther Aguatics 9.0 0.00 2.8 <0.01 0.0 0.09 5.6 0.05 0.0 0.09 2.3 1.0? 0.9 0.00 4.2 0,03
Total Aquatics 30.5  0.09 16.7 0.03 22.3 0.04 20.3 0.97 36.0 0.0% 55.7 0,23 2.3 .05 28,5 0.10
TOTAL [HSACTS  47.2 0.15 41.% 1.79 56.7 0.36 1.1 0.5l 24,5 1,10 105.3  0.33 58.3 0.74 67.5 0.83
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Appendix B18.

(continued)

Ar2ag

oLy

Muzgay

llivag

Ag233 Comoigad
7

$icshora Nffshoce Meirshore ££3 M2acrshaga Qffshocs Mear3har shocs

donth (N Tnsect Group Number Weight Mumber Weight Iundec Weight Number Waight Numbar wW2ight uzbec Welgnt Mumber Weigat Munbec Weight
July (51) Coleosterans 7.2 0.35 8.2 0.23 7.3 0.10 5.9 0.04 4.0 0.03 5.5 0,01 17.9% a.14 6.2 0.07

Hemiptecans 13.3  0.26 29.0 0.13 7.3 0.02 3.6 0.02 2.3 0.02 2.8 0.02 9.3 0.07 7.7 0.04

Yomopterans 11.0 0.02 8.3 0.11 16.7 1.4 11.9  0.03 4.0 0.00 5.5 0.0 12.4 0.33 9.8 0.04

Hymenoptecans  53.0  0.55 12.5 0.10 3.9 0.15 25.1 0.2t 22,5 0.06 30,7 0.29 21.0 0.22 24,4 0.16

Other 11.3  0.13 1.2 0.02 4.4 0.02 3.6 0.02 8.3 0.05 0.0 0.00 6.9 0.04 2.8 0.0l

Total

Terrestrials 141.7 1.29 82.5 0.70 45,6 1.73 50.0 0.32 47.0 0.15 44.5 0.12 67.3 1.3t 50.7  0.33

Aquatic

Dipterans 425.0 0.30 300.0 1,20 71.2 0.10 135.9 0.15 152.3  0.37 150.0  0.31 163.0 0.2l 200.7 0.37

Other Aquatics 15.7 0.04 0.0 0.00 3.4 <0.0L 1.2 <€0.01 2.0 0.00 3.0 0.00 5.5 0.0L 0.7 <0.01

Total Aquatics 441.8  0.34 500.0 1.20 74.5 0.10 138.1 o0.13 152.8  0.37 150.0 0.31 173.5 0.22 20L.4 0.37

TOTAL INSECTS 533.2 1.64 562.5 1.89 120.1 1.83 183.1 0.47 200.0 0.52 194.5 0.43 240.8 1.52 232.1 Q.70

Ar=33
lecy Augcay Sullivin Ar23s Comyinag
3 shocs Offstora Nearshora Offshora Mearspoca Qffshora Nearshoca Qffsnora

Month ) Insect Geoup Nutber Weight MNumbec Weight Numdec Weignt MNumber Weignt Iumbec Weight Wiabec Weight Munber Waight MNumber Weighz
August (48) Coleoptacans 0.0 0.90 5.5 0.01 4.2 0.01 7.9 0.02 4.0 0.03 5.5 0.04 5.6 0.02 §.2 0.02

Hemigterans 8.3  0.09 5.5 0.02 41.7 0.25 7.5 0.10 64.0 0.03 27.8 0.14 39.0 0.15 27.1  0.0%

Homopterans 119.3  0.04 133.3 0.74 22.2 0.01 18.2 o0.0L 94.3 0.04 16.7 <0.01 64.5 0.02 43.0 0.02

Hymenopterans 58.5 0.26 319.0 0.17 1,223.7 4.38 1,738.3  4.76 5,255.5 12.06 1,241.6 3.10 1,940.0 5.27 1,133.0  3.20

Other 2.3 0.01 3.0 0.00 8.3 0.05 4.2 0.03 2.3 <o0.01 0.0 0.9%0 5.6 0.03 2,1 0.1

Total

Teccestrials 189.0 0.39 138.3 0.24 1,300.0 4.71 1,325.1 491 5,430.5 12.21 1,291.7 3.23 2,035.0 5.51 1,233.00 3.34

Aquatic

Dipterans 27.8  0.04 27.3 ¢.01 41.3 0.13 33.2 Q.08 233.8  0.54 111.1  0.24 87.5 0.23 51.4 0.10

Other Aquatics 11.2 0.01 19.5 9,02 2.8 Q.01 4.2 0.03 15.3  0.13 2.8 <0.01 8.4 0.03 7.7 0.02

Total Aquatics 39.0 0.05 47.2 0.04 143 0.14 37.3 0.09 233.5 0.81 114.0 0.24 95.9 0.28 53.9  0.11

TOTAL INSECTS 227.7 0.44 235.0 0.23  1,344.4 4.85 1,862.6 5.00 5,635.0 13.03 1,405.5 3.53 2,151.0 3.79 1,342, 3.35
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Appendix B18.

{contirued)

Ar2as
mag sy Julling AL213 SoTaiaz
Neacsnocas Qf fspoga Y2arshora L3000 S2irsance RIS SR DIE-] RES IS ToAI O __2ii00
fonth 1) Insact Group Nutber weijht Mumser Weizht czec Weilgt lumper  Walgho NumoRec W2lght ‘Mumzer Waijat “toer Warghn lhler  Yeijas
3ept. (3! Jolezoptarans 2.3 0.03 0.9 0.00 1.4 g0l 1.4 <0.31 5.5 0.%5 3.0 0.90 2.3 0.3 0.7 «<0.01
Hamipterans 63.3  0.66 0.0 0.00 1.2 g.11 4.2 0.2 2.3 0.t 0.0 0.20 13.3 9.22 2.1 0.0t
tomootarans 52.3 0.10 0.0 0.00 8.4 .01 4.2 0.02 3.0 0.30 11.2 0.01 17.4 .93 7.0 J.0L
lymencgterans 765.7 2,20 1,547.2 3.84 20.9 0.08 3.3 0.02 2.2 0.4 5.7 0.%4 207.7 0.59 417.4 2,33
Jthec 2.3 <0.01 0.0 0.00 0.0 0.09 1.4 <3.01 2.8 .91 0.0 0.00 1.4 Q.01 0.7 <3,01
Total
Tercestrials 883.7 2.96 1,647.2 3.34 34.3 0.20 23,7 0.9% 33,5 0.45 16.7 0.05 247.3 0.3 427.3 1.00
Aquatic
Diptecans 1,443.3 0.60 675.0 0.30 30.1 a.03 37.0  0.1% 33,3 0.12 30.5 0.03 395.3 0.22 2049 0.17
Other Aquatics 5.5 0.01 0.0 0.00 0.0 3.00 0.2 0.00 0.0 0.Co 0.0 0.00 1.4 <0.0L 0.0 0.00
Total Aquatics 1,455.5 0.62 675.0 0.30 30.1 0.03 57.0  9.16 3.3 0,12 30.5 0.03 397.2 0.22 2049 Q.17
TOTAL [NSECTS 2,344.3  3.53 2,322.2 4.14 84.3 0.28 80,7 0.22 66.3 0.5 47.2  0.13 543.2 1.13  632.7 1.13
Areas
Zmecy Murcay Sulliag Ac23s Corained
< Qffshoca *earshors Qffshor2 Nagrshora QEf3hora sJ2arshogs Qffshora

a
Month (9 Insect Group tlunber Weisht MNumter Weig

nt

tuater Weignt Number Weight Nuzber Weighz

Wuncec Weight

Murzee Waight unbec Waight

Ock. (54)

Coleoptarans
Yemipterans
Homoptarans
Hymenogterans
Other

Total
Teccastrials
Aquatic
Dipterans
Other Aquatics
Total Mquatics

TOTAL [NSCTS

0.0 0.00 0.0 Q.00 0.0 0.00 0.0 0.00 0.0 0.M 0.0 0.00 0.0 0.00 0.0 0.00
8.3 0.13 22,3 0.04 4.8 7.02 3.3 0.01 0.0 0.00 0.0 0.00 4.3 0.95 5.3 0.01
69.5 0.05 414.0 Q.46 5.5 g.0L 25.5 0.02 11.2 <0.01 2.8 «<0.01 7.7 0,02 105.9 0.1l
8.3 0.02 a.0 0.00 3.3 <o0.01 2.} 0.01 2.3 0.03 0.0 0.90 4.3 G.0L 1.3 «<0.01
8.3 9.07 2.3 <0.01 2.3 0.02 6.7 0.03 5.3 <0.01 0.0 0.00 4.4 0.03 4.4 0.02
94.5 0.32 433.8 0.50 45.7 9.08 37.9  0.0% 19.5 0.03 2.3 <0.01 50.7 .11 119.2 0.15
219.3  0.06 464.0 0.26 18.9 0.02 45.5 0.04 8.5 0.01 16.7 0.02 61.1 0.02 132.1 0.08
14.0 0.06 8.1 0.02 0.0 9.00 3.4 0.01 0.0 0.00 0.0 0.00 .1 0.01 3.7 0.01
233.3  0.12 4723 0.28 13.9 0.02 43.0  0.95 8.5 0.0l 156.7 0.32 64.3 0.04 135.9 0.09
327.3 0.4 9112 0.78 64,5 0.03 35.7  0.13 27,7 0.4 3.5 0.02 114.9 0.15 255.0 0.2%
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Appendix B18. (continued)

Ar233
mecy hiTdaV Sullivay Ar213 Corpinad
LR ICSN0Ca N€Ffsaoca Jearshora Iffinara N23r3hoca Jifznoca dRarshors 25250002
tanth (3 [asecc Sroue Humber Weighs  hrcec Weight Mumber Weight Mumoac W2lint Nanser Veigar lu-oer  Weilght  Muzer Weijnz Nider Weighe

tov. (24)  Couleoptarans

0.0 o, 0.0 0.03 0.0 0.7 0.0 .79 0.3 0.0Q 9.0 0.00 0.0 3.09 0.0 0,00
Hamiptarans 3.0 0.00 0.0 0.00 0.0 0.09 0.0 0.00 0.3 0.990 2.2 0.00 9.0 0.7 .0 3.99
“lomopterans 0.0 0.00 0.0 0.c0 Q.0 0.02 2.) 0.90 0.7 9.00 94.7 0.21 3.0 .33 0.0 0.0%
Hymenopterans 0.9 0.00 0.3 0.00 2.3 Q.01 2.3 0.0t a.0 0.02 Q.0 0.0 L4 <g.0L 1.4 <0.01
Jthec 0.0 0.¢ 5.7 0.01 8.3 0.02 5.6 0.2% 0.0 0.00 0.0 0.72 4.2 7.01 27,3 0.13
Total
Teccestrials 0.0 0.00 5.7 0.01 11.2 06.03 3.3 0.27 0.0 0.2 94.7  0.21 5.6 9.01 9.2 0.13
Aquatic
Diptarans 11.2 <0.01 0.0 0.30 3.3 0.01 2.8 <0.01 3.7 9.02 5.7 <0.01 4.4 .21 2.3 Q.01
Othee Aquatics 0.0 0.00 0.0 0.90 0.0 0.00 0.0 0.09 0.0 0.0 5.7  0.04 g.0 0.09 1.4 2.1
Total Aquatics 11.0 <0.01 0.0 0.00 3.5 0.01 2.3 <0.91 5.7 0.092 11.0  02.04 3.4 2.01 4.2 0.01
TOTAL INSECTS 11.0 <g.o1 5.7 0.01 13.5 0.03 1.2 0.27 5.7 0.02 105.7  0.23 13.9 0.32 33,4 0.20

Ar=33 —
Smery NOTd&T 3ull wma Arzaz Coopigad
Ueapshora QfFfshora tEacshocs dffshoga N2ac3tora EEshoca REFTERCTES NEfsoca

Month (1) Insect Group unber wWeight ‘imser Waight  Wumoec Weight Number Jalght umser Weizhz utdec Weight Muaber Waignt umwsec  eight

Geand Mean Colecptacans

15.4  0.16 8.1 0.11 14.4 0.27 8.2 0.13 15.5 0.1 3.9  0.06 14.9 0.29 7.5 0.11
321 Hemipterans 15.8  0.19 8.1 0.05 10.1 0.08 8.5 0.04 17.4  0.0? 1.8 0.02 11.5 0.2) 7.5 0.04
Homootacans 39.3  0.03 91.0 0.10 14.4 0.23 1.1 0.0l 15,3 0,11 8.4 0.04 20,7 0.13 29.0  0.94
Hymenopterans 133.0 0.55 28l.5 0.393 135.9 0.72  277.3 0.79 764.7  1.33 1346 0.48 333.6 0.93 2853 0.74
Other 5.1  0.03 5.0 Q.01 1.1 9.08 5.9 0.95 5.0 0.02 3.3 0.95 3.9 0.95 6.4 0.03
Total
Teccestrials 229.5 1.0 393.7 1.20 247.0 1.43  310.9 1.04 3.y 213 212.3  0.53 333.2 1.39 304.1 0.37 ;
(L, 47191 [4.92101,233.21(3.25] ¥
Aquaticz
Digtecins 310.5  0.19  247.4 0.23 1311 0.24 £5.9 0.1% 37.4 0 53.3  3.13 173.2 0.23 199.7  0.13
Other Aquatics 8.1 0.02 3.4 0.01 1.5 0.02 2.7 0.02 5.0 0,05 4.3 0.02 3.2 0.33 3.3 0.02
Total Aquatics 348.7 0.21  252.7 0.24 132.6 0.25 3.6 2.16 393.3 0.23 745 0.21 174.4 .25 113, 0.13
(885,41 (1.201 [312.11 (9.45)
TYTAL [NSECTS 579.1  1.18  646.4 1.44 379.5 1.69 380.5 1.20 905.2  2.42 237.0 0.36 563.6 175 4176 TL.17

(1,735.31 £4.30111,315.13 (3.30

¥ Standacd daviations ice given in brackets.
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Appendix C1. Number of fish stomachs collected in Hungry Horse Reservoir
during 1933, 84 and 85

Westslope
cutthroat Bull  Mountain  Nosthern  Longnose Largescale
Date trout trout whirefish squawfish  sucker sucker  Total
Emery Area
8/23/83 3 5 5 7 5 4 29
9/27/83 21 17 11 6 - - . 55
11/29/83 11 6 10 2 -— — 29
6/26/84 16 20 8 21 - - 65
8/14/84 2 16 7 16 - — 41
5/16/85 14 14 6 14 - -~ 48
8/14/85 19 20 6 11 - - 56
10/31/85 20 24 5 6 — - 55
Murray Area
8/24/83 3 2 4 3 6 5 28
9/23/83 23 9 5 6 - - 43
11/30/83 14 4 11 - - o 29
6/21/84 21 21 6 23 - -— 7]
8/16/84 5 14 5 20 - -— 45
10/12/84 12 20 7 7 - - 46
12/22/84 48 — - - - — 48
5/16/85 20 20 5 7 -— - 52
8/14/85 1 11 7 6 - - 25
11/6/85 19 21 6 14 -~ - 60
Sullivan Area
8/25/83 12 2 2 7 5 4 32
9/29/83 21 6 5 6 - - 38
12/15/83 11 7 15 - -- - 33
6/28/84 23 17 6 14 - - GO
8/22/84 16 6 8 19 — —-- 49
10/10/84 20 21 11 13 - - 65
5/16/85 21 20 6 14 - - 61
8/11/85 18 8 o 15 -— ~- 61
11/5/85 2 20 5 6 - - 5
Totals 434 361 179 272 16 13 1,275



Appendi x G. Conposition by nunber , wei Pht, and frequency of occurance (percent)
and cal cul ated index of relative inportance (IR) for major food
items in the stomachs of 13 juvenile westslope cutthroat collected
August 1983

I'tem Nunber Percent  Weight(g) Percent  Frequency | R

Daphni a 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Copepods 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Epi schura 0 0.000 0. 0000 0. 000 0. 000 0. 000
Lept odor a 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Tot al Zoopl ankton 0 0.000 0. 0000 0. 000 0.000 0.000
Hymenopt er a 48 2.564 0.3739 10. 203 61.538 24.769
Col eoptera 15 0.801 0. 0600 1.637 53. 846 18. 76%
Hem ptera 1 0. 053 0. 0003 0.008 7.692 2.585
Honopt er a 43 2.297 0. 0750 2. 047 61.538 21.961
Qher Terrestrial 2 0.107 0.0180 0.491 15. 385 5.328
Total Terrestrial 109 5.823 0.5272 14. 386 76. 923 32. 377
Diptera Larvae 22 1.175 0.0221 0.603 30. 769 10. 849
Diptera Pupae 3 0.160 0.0071 0.194 15. 385 5. 246
Di pteraAdul t 1734 92. 628 3. 1052 84. 735 92. 308 89. 890
Total Diptera 1759 93. 964 3.1344 85.532 100. 000 93. 165
Qther Aquatics 4 0.214 0.0030 0. 082 15. 385 5.227
Tot al Aquatics 1763 94,177 3.1374 95. 614 100, 000 93. 264
Vst sl ope Cut t hr oat 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Bull Trout 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Mountain Witefish 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Nor t her nSquawf i sh 0 0. 000 0. 0000 0. 000 0.000 0.000
Sucker 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Uni dentii fi ed 0 0.000 0. 0000 0. 000 0. 000 0. 000
Total Fish 0 0. 000 0. 0000 0. 000 0. 000 0. 000
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Appendi x C3

Composition by nunber. weigh!.,

and frequency of occurance (percent)

and cal cul ated index of relative inportance (IR) for ngjor food
items i N the stomachs of 28 juvenile westslope cutthroat collected
Sept enber 1983

Daphn ia

Copepods
Epischura

Lept odor a

Total Zoopl ankt on

Hynenopt er a

Col eoptera

Hem ptera
Honopt er a

Q her Terrestrial
Total Terrestria

D pteralarvae
Diptera Pupae
Diptera Adult
Tot al Diptera
Q her Aquatics
Total Aquatics

Veést sl ope Cut t hr oat
Bul | Trout

Muntain Witefish
Nor t her nSquawf i sh
Sucker

Uni denti fied

Tota | Fish

c-3

Nurbr e Percent  Weight(g)
345 5.354 0.0584
0 0.000 0.0000

21 0.326 0.0058

1 0.016 0.0014
367 5.695 0.0956
5069 78.647  107.2961
130 2.017 0.9511
95 1.474 0. 5300
173 2.685 2. 0247
86 1.335 1.3228
5552 86.158  112.1247
5 0.078 0.0310

17 0.254 0. 0340
489 7.588 1.5779
5.1 7.930 1. 6429
14 0.217 0.0640
525 8.147 1.7069
0 0.000 0. 0000

0 0. 000 0. 0000

0 0.000 0. 0000

0 0.000 0. 0000

0 0.000 0. 0000

0 0.000 0. 0000

N 0. 000 0. 0000

Per cent

0.073
0. 000
0. 005
0.001
0. 084

94.180
0. 835
0. 465
1777
1.161

98.418

0.027
0. 030
1.385
1.442
0. 056
1.498

0. 000
0. 000
0. 000
0.000
0. 000
0. 000
0. 000

Frequency

17. 857
0. 000
10. 714
3.571
17. 857

96. 429
53.571
39. 286
78.571
64. 236
96. 429

10. 714
21.429
64. 286
67.857
7.143
67.857

. 000
000
. 000
000
000
.000
. 000

coocoocoo

| Rl

7.763
0. 000
3. 682
1.196
7.879

89. 75%
18. 808
13. 742
27.678
22.260
93. 668



Appendi x c4. Conposition by nunber, weight, and frequency of occurance (percent)
and cal cul ated index of relative inportance (IR) for major food
items in the stomachs of 12 juvenile westslope cutthroat collected
Novenber 1983

Item ... _Mmber - Percent Veight(g) Percent  Frequency IR
Daphni a 1620 98. 540 0.4379 87. 353 91. 667 92.520
Cpepods 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Epi schura 1 0.061 0. 0004 0. 080 8.333 2.825
Lept odora 0 0.000 0. 0000 0.000 0. 000 0. 000

Total Zoopl ankton 1621 98. 601 0. 4383 87.433 91. 667 92. 567

Hynenopt era 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Col eoptera 0 0. 000 0. 0000 0.000 0. 000 0. 000
Hem ptera 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Honopt er a 0 0.000 0. 0000 0. 000 0. 000 0. 000
Qher Terrestrial 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Total Terrestrial 0 0.000 0. 0000 0.000 0. 000 0. 000
Diptera Larvae 0 0. 000 0. 0000 0.000 0.000 0.000
Diptera Pupae 12 0.730 0. 0220 4. 389 33. 333 12. 817
Diptera Adult 9 0. 547 0. 0390 7.780 16. 667 8.331
Total Diptera 21 1.277 0. 0610 12. 168 41. 667 18.371
Qther Aguatics 2 0.122 0. 0020 0. 399 8. 333 2. 951
Total Aquatics 23 1.399 0. 0630 12. 567 50. 000 21. 322
West sl ope Cutthroat 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Bull Trout = 0 0.000 0. 0000 0. 000 0.000 0.000
Mountain Wi tefish 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Nor t her n Squawfi sh 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Sucker 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Uni denti fied 0 0. 000 0. 0000 0. 000 0.000 0. 000
Total Fish 0 0. 000 0. 0000 0. 000 0. 000 0. 000
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Appendi x C5. Conposi tion by rutber, weight, and frequency of occurance (percent)
and cal culated index of relative inportance (IR) for nmajor food
items in the stomachs of 53 juvenile westslope cutthroat collected

seasonal |y 1983

Daphni a

Copepods

Epi schura

Lept odora

Total Zoopl ankton

Hymenopt era

Col eoptera

Hem ptera
Homopt er a

Qther Terrestrial
Total Terrestrial

Diptera Larvae
D ptera Pupae
Diptera Adult
Total Diptera
Q her Aquatics
Total Aquatics

Vst sl ope Cutthroat
Bul | Trout

Muntain Witefish
Northern Squawfish
Sucker

Unidentified

Total Fish

Nunber

1965
22

1988

5116
145
96
216

5661

27
32
2232
2291

2311

o= NoNoRoNeNol

Per cent

19.729
0.000
0.221
0.010

19. 960

51. 365
1. 456
0. 964
2. 169
0. 884

56. 837

0.271
0.321
22.410
23.002
0.201
23. 203

0. 000
0.000
0. 000
0.000
0. 000
0.000
0. 000

Vei ght (g)

0. 5263
0. 0000
0. 006%
0.0014
0. 5339

107. 6700

1.0111
0. 5303
2.0997
1. 3408

112. 6519
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0.0531
0. 0631
4.7221
4. 8383
0. 0690
4.9073

0. 0000
0. 0000
0. 0000
0. 0000
0. 0000
0. 0000
0. 0000

Per cent

0. 446
0. 000
0. 005
0.001
0.452

91.174
0. 856
0. 449
1.778
1.135

95. 392

0. 045
0. 053
3.999
4.097
0. 058
4.155

0. 000
0. 000
0. 000
0. 000
0. 000
0.000
0. 000

Frequency

30. 189
0. 000
7. 547
1.887

30. 189

66. 038
41.509
22. 642
56. 604
37.736
69. 811

13. 208
22. 642
60. 377
69. 811

9.434
71.698

0. 000
0. 000
0. 000
0. 000
0. 000
0. 000
0. 000

16. 788
0. 000
2.591
0. 633

16. 867

69. 526
14. 607
8.018
20. 183
13. 252
74.014

4. 508
7.672
28.929
32. 303
3.231
33.019

0. 000
0. 000
0. 000
0. 000
0. 000
0.000
0. 000



Appendi x G6. Conposition by nunber, weight, and frequency of occurance (percent)
% for major food
roat collected

and cal cul ated index of relative inportance (IR
items in the stomachs of 4 adult westslope cutt

August 1983

Daphni a

Copepods

Epi schura

Lept odor a

Tot al Zoopl ankt on

Hymenopt era

Col eoptera

Hem ptera
Homopt er a

Qther Terrestrial
Total Terrestrial

Diptera Larvae
Diptera Pupae
Diptera Adult
Total Diptera
G her Aquatics
Total Aguatics

Vst sl ope Cutt hroat
Bul | Trout

Muntain Witefish
Northern Squawfish
Sucker

Uni denti fied

Total Fish

Nurber Per cent

0 0.000
0 0. 000
1 0.079
0 0. 000
1 0.079
1072 85.079
12 0.952
8 0. 635
74 5.873
20 1.587
1186 94. 127
3 0.238
0 0.000
64 5.079
67 5.317
3 0.238
70 5. 556
0 0. 000
0 0. 000
0 0. 000
2 0.159
1 0.079
0 0. 000
3 0.238

Vi ght (g)

0. 0000
0. 0000
0. 0004
0. 0000
0. 0004

20. 2710
1. 5500
0. 0010
0. 7090
0. 4250

22. 9560

0. 0009
0. 0000
0.2440
0. 2449
0.0120
0. 2569

0. 0000
0. 0000
0. 0000
2.3800
1.2800
0.1510
3.8110

C6

Per cent

0.000
0.000
0.001
0. 000
0.001

75.010
5.736
0. 004
2. 624
1.573

84. 946

0. 003
0.000
0. 903
0. 906
0. 044
0.951

0.000
0.000
0.000
8. 807
4.736
0. 559
14. 102

Frequency

0.000
0. 000
25.000
0. 000
25.000

100. 000
25.000
25.000
75.000
50. 000

100. 000

25.000

0.000
75.000
75.000
25.000
75.000

0. 000
0.000
0.000
50. 000
25.000
0.000
50. 000

| RI

0. 000
0. 000
8. 360
0. 000
8. 360

86. 697
10. 563
8. 546
27.832
17.720
93. 024

8.414
0.000
26. 994
27.075
8.428
27.169

0. 000
0. 000
0.000
19. 655
9.939
0.186
21. 447



Appendix C7. Conposition by nunber, wei ght, and frequency of occurance (percent)
and cal cul ated index of relative inportance (IR) for major food
items in the stomachs of 29 adult westslope cutthroat collected

Sept entoer 1983

| tem Nunber Percent  Wight (g) Percent  Frequency | R

Daphn ia 194 0.727 0. 0466 0.011 13.793 4. 844
Copepo s 0 0.000 0. 0000 0.000 0. 000 0.000
Eprsch ura 321 1. 204 0.1235 0. 030 13.793 5.009
Lept odor a 0 0.000 0. 0000 0. 000 0.000 0. 000
Total Zoopl ankton 515 1.931 0.1702 0.042 17. 241 6. 405
Hymenoptera 24187 90.6983  385.5200 94. 032 100. 000 94. 905
Gl eoptera 231 1. 091 2.4980 0.609 68. 966 23.55.5
Hem ptera 234 0.877 3.2228 0.786 62. 069 21. 244
Honopt er 3 275 1.031 1.9014 0.464 72.414 24. 636
Other Terrestrial 189 0.709 10. 7100 2.612 68. 966 24. 095
Total Terrestrial 25176 34.391  403.8522 98. 504 100. 000 97.632
Di ptera Larvee 18 0.067 0. 0290 0.007 6. 897 2. 324
Di pter a Pupae 113 0.424 0. 2850 0.070 31.034 10. 509
Di ptera Adul t 763 2.861 4, 4890 1.095 62. 069 22.008
Total Diptera 8A 3. 352 4.8030 1.171 65.517 23. 347
Ot her Aguatics 87 0. 326 1. 1620 0.293 31.034 10. 548
Tot al Aquatics 981 3.678 5. 9650 1. 455 68. 966 24.699
Wes tslope Cutthroat 0 0.000 0. 0000 0.000 0.000 0. 000
Bul | Trout . , 0 3.000 0. 0000 0.000 0.000 0. 000
Moun tain Wi tefish 0 0. 000 0. 0000 0.000 0. 000 0.000
Nor thern Squawfish 3 0.000 0. 0000 0.000 0.000 0.000
Sucker 0 0.000 0. 0000 0.000 0. 000 0. 000
Uni dentified 0 0. 000 0. 0000 0.000 0.000 0. 000
Total Fish 0 0.000 0. 0000 0. 000 0.000 0.000
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Appendi x C8. Conposition by nunber, wei ght, and frequency of occurance (percent)
and calculated i ndex of relative inportance (IR) for naor food
iteinsinthestomachs of 18 adult westslope cutthroat collected
Novenber 1933

Item Number Percent ~ Weight(g) Percent  Frequency IR

Daphnia 2539 95.571 0.7251 93.045 53.333 91. 7517
Copepods 2 0.073 9. 0002 0.026 5. 556 1.886
Epi schura 1 0.039 0.0004 0.051 5.556 1.882
Lept odor a 6 0.000 0.3000 0.000 0.900 0. 000
Total Zoopl ankton 2542 98.983 0.7257 93.122 83.333 91.914
Hymenoptera 0 0.909 0.0000 9.009 9.900 0.900
Col eoptera 0 0.000 0.0009 0.000 0.000 0.000
Hem ptera 0 0.000 0.0000 0.000 0.000 0. 000
Homoptera 0 0.000 0.0000 0.090 0.000 0.030
Qther Terrestrial 0 0.009 0.9000 0.000 9.090 0.000
Total Terrestrial 0 0.000 0.0000 0.000 0.000 0.000
Dipteralarvae 0 0.000 0.0000 0.000 0.000 0. 000
Diptera Pupae 19 0.740 0.0410 5.251 33.333 13.111
D pteraAdul t 5 0.135 0.0120 1.540 5.556 2. 430
Total Diptera 24 0.935 0.0530 6. 801 38.889 15. 541
Qther Aquatics 3 0.078 0.0306 0.077 11.111 3.755
Tot al Aquatics 25 1.012 0.0536 6.878 50.000 19.297
Vst sl ope Cut t hr oat 0 0.000 0.0000 0.000 0.000 0.000
Bull Trout 0 0. 000 0.0090 0.000 0.000 0.000
Mountain Whitefish 0 9.000 0.3000 0.000 0.030 0.000
Nor thern Squawf i sh 0 0.000 0.0990 0.000 0.000 0.000
Sucker 0 0.000 9.0300 0.003 0.000 0.000
Uni denti fied 0 0.030 0.9003 0.000 0.000 0.000
Total Fish 0 0.099 0.0000 0.000 0.090 0.000
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Appendi x C3. Conposition by number, weight, and frequency of occurance (percent)
and cal cul ated index of relative inportance (IR) for major food
items in the stomachs of 51 adult westslope cutthroat collected

seasonal |y 1983

Item Nunber Peh%ent Vi ght (g)
Daphni s 2733 8, 961 0.7717
Epl sChura 323 1. 059 0.1244
Lept odora 0 0. 000 0. 0000
Total Zoopl ankt on 3058 10. 026 0. 8963
Hymenopt er a 25259 82.816  405.7910
Col eoptera 303 0.993 4.0480
Hem ptera 242 0.793 3.2238
Honopt er a . 349 1.144 2.6104
G her Terrestrial 209 0. 685 11. 1350
Total Terrestrial 26362 86.433  426.8082
Diptera Larvae 21 0.069 0.0299
Diptera Pupae 132 0. 433 0. 3260
Diptera Adult 832 2.728 4. 7450
Total Diptera 985 3.230 5.1009
Qther Aquatics 92 0. 302 1.1746
Total Aquatics 1077 3.531 6. 2755
Vst sl ope Cut t hr oat 0 0.000 0.0000
Bul | Trout 0 0.000 0.0000
Mountain Witefish 0 0.000 0.0000
Nor t her nSquawf i sh 2 0.007 2. 3800
Sucker 1 0.003 1.2800
Uni dentified 0 0. 000 0. 1510
Total Fish 3 0.010 3. 8110
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Per cent

0.176
0.000
0.028
0.000
0.205

92.691
0.925
0.736
0. 596
2.543

97. 491

0. 007
0.074
1.084
1.165
0.268
1.433

0. 000
0.000
0.000
0. 544
0.292
0. 034
0.871

Frequency

37. 255
1.961
11.765
0. 000
41.176

64. 706
41.176
37.255
47.059
43. 137
64. 706

5. 882
29. 412
43. 137
56. 863
23. 529
62. 745

0. 000
0.000
0. 000
3.922
1.961
0. 000
3.922

| R

15. 464
0. 656
4.284
0. 000

17.136

80.071
14. 365
12.928
16. 266
15. 455
82.877

1.986
9.973
15. 650
20. 419
8. 033
22.570

0.000
0.000
0.000
1.491
0.752
0.011
1.601



Appendi x CI0. Qonposition bynunber, wei ght, and frequency of occurance (percent)
and calculated i ndex of relative inportance (IR) for major food
itens in the stomachs of 29 juveni|e westslope cutthroat collected

June 1984

| ter Number Percent  Wight(g) Percent  Frequency IR

Daphni a 1451 42.390 0. 3323 0. 548 13.793 18.910
Copepods 0 0.000 0. 0000 0.000 0.000 0. 000
Epi schura 12 0.351 0. 0058 0.010 6. 897 2.419
Lept odora 0 0.000 0. 0000 0.000 0.000 0. 000
Total Zoopl ankt on 1463 42. 740 0.3381 0. 557 13.793 19. 030
Hynenopt er a 1069 31. 230 49. 9840 82. 415 89 555 67. 757
Col eopt era 398 11. 627 8. 9898 14. 823 86. 207 37. 552
Hemi pt era 10 0.292 0.1136 0.187 13.793 4.758
Honopt er a 2 0. 058 0. 0001 0.000 3. 448 1. 169
Qther Terrestrial 25 0.730 0.1190 0.196 34. 483 11. 803
Total Terrestrial 1504 43.938 59. 2065 97. 622 93.103 78. 221
Diptera Larvae 264 7.713 0. 0954 0. 157 27. 586 11.819
Diptera Pupae 76 2.220 0. 0704 0.115 20. 690 7.675
Diptera Adult 86 2.512 0. 3849 0.635 34. 483 12.543
Total Diptera 426 12. 445 0. 5507 0.908 65. 517 26.290
Qt her Aguatics 29 0. 847 0. 5521 0.910 31.034 10. 931
Total Aquatics 455 13.292 1.1028 1.813 75. 862 38. 324
West sl ope Cut t hr oat 0 0. 000 0. 0000 0.000 0. 000 0. 000
Bul | Trout 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Mountain Wi tefish 0 0. 000 0. 0000 0. 000 0. 000 0.003
Nor t her nsquawfish 9 0. 000 0. 0000 0. 000 0. 000 0.000
Sucker 0 0.000 0. 0000 0. 000 0. 000 0. 000
Uni dent i fied 1 0. 029 0.0011 0.002 3.448 1.160
Total Fish 1 0. 029 0. 0811 0.003 3. 448 1.160
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Appendi x C11. Conposition by nunber, weight, and frequency of occurance (percent)
and cal cul ated index of relative inportance (IR) for major food
itens in the stomachs of 8 juvenile westslope cutthroat collected
August 1984

I'tem Number Percent  Weight(g) Percent  Frequency | R

Daphni a 0 0.000 0.0000 0.000 0.000 0.000
Co| j pods 0 0.000 0.0900 0.000 0.000 0.000
Epi schura 0 0.000 0.0000 0. 000 0.000 0.000
Lept odora 0 0.000 0.0000 0. 000 0.000 0.000
Tot al Zoopl ankt on 0 0.000 0.0000 0. 000 0.000 0.000
Hymenopt er a 5407 99.797 20.5807 99. 245 87.500  95.514
Col eoptera 2 0.037 0.0030 0.014 12.500 4.184
Hem ptera 2 0.037 0.0073 0.035 25.000 a.357
Homoptera 3 0.055 0.0034 0.016 25.000 8.357
Ot her Terrestrial 3 0.055 0.1424 0.687 12.500 4.414
Total Terrestrial 5417 99.982 20.7368 99.998 87.500  95.826
Diptera Larvae 0 0.000 0.0000 0.000 0.000 0.000
Diptera Pupae 1 0.018 0.0005 0.002 12.500 4.174
Diptera Adult 0 0.000 0.0000 0.000 0.000 0.000
Total Diptera 1 0.018 0.0005 0.002 12.509 4.174
O her Aguatics 0 0.000 0.0000 0.000 0.000 0.000
Total Aquatics 1 0.013 0.005 3.002 12.500 4.174
Vst sl ope Cut t hr oat 0 0.009 0.0000 0.000 0.000 0.000
Bul I Trout 0 0.000 0.0000 0.000 0.000 0.000
Mountain Witefish 0 0.000 0.0000 0.000 0.000 0.000
Northern Squawfi sh 0 0.000 0.9000 0.000 0.000 0.000
Qucker 0 0.000 0.0000 0.000 0.000 0.000
Uni dentified 0 0.000 0.0000 0.000 0.000 0.000
Total Fish 0 0.000 0.0000 0.000 0.000 0.000
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Appendi x C12. Conposi tion by nunber, wei ght , and frequency of occurance (percent)
and cal cul ated index of relative inportance (IR) for major food
items in the stomachs of 18 juvenile westslope cutthroat collected
Cct ober 1984

I'tem Nunier Percent  Wight(g) Percent  Frequency | R

Daphni a 235 13. 284 0. 0667 0.978 5. 556 6. 606
Copepods 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Epi'schura 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Lept odora 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Total Zoopl ankt on 235 13. 284 0. 0667 0.978 5. 556 6. 606
Hynenopt er a 835 47.202 3. 8804 56. 894 94. 444 66. 180
Col eoptera 138 7.801 0. 6083 8.919 88. 889 35.203
Hem ptera 118 6. 670 1. 1659 17.094 88. 889 37.551
Honopt er a . 86 4. 862 0.1072 1.572 72.222 26.218
Qther Terrestrial 130 7.349 0.1944 2. 850 50. 000 20. 066
Total Terrestrial 1307 73. 884 5. 9562 87.329 100. 000 87.071
Diptera Larvae 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Diptera Pupae 1 0. 057 0. 0005 0.007 5.556 1.873
Diptera Adult 224 12. 663 0. 7968 11. 683 38. 889 21.078
Total Diptera 225 12.719 0.7973 11.690 44. 444 22.951
O her Aquatics 2 0.113 0. 0002 0.003 5. 556 1.891
Total Aquatics 2217 12. 832 0.7975 11. 693 50. 000 24.842

Vst sl ope Cutt hroat 0 0. 000 0. 0000 0.000 0. 000 0. 000
Dul | Trout 0 0.000 0. 0000 0.000 0. 000 0. 000
Mountain Wi tefish 0 0.000 0. 0000 0. 000 0. 000 0.000
Nort hern Squawfi sh 0 0.000 0. 0000 0. 000 0. 000 0. 000
Sucker 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Uni denti fied 0 0.000 0. 0000 0. 000 0.000 0.000
Total Fish 0 0. 000 0. 0000 0. 000 0.000 0. 000
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Appendi x C13. Conposi tion by nunber, wei giht,_ and frequency of occurance (percent)
and cal cul ated index of relative inportance (
items in the stomachs of 6 juvenile westslope cutthroat collected

December 1984

Copepods

Epi schura

Lept odor a

Total Zoopl ankt on

Hynmenopt er a
Col eopt era

Hem ptera
Honopt era

Qther Terrestrial
Total Terrestrial

Diptera Larvae
Diptera Pupae
Diptera Adul t
Total Diptera
Ot her Aquatics
Total Aquatics

West sl ope CQutthroat
Bul I Trout

Mount ai nWhi t ef i sh
Northern Squawfish
Sucker

Unidentified

Total Fi sh

NNDOPODO — —

FPOOPrRrPOoOOOo

99.
.000
.000
.000
. 832

COOOOOO OO0 O OO0 ©OOO

832

000
000
000
000
000
000

056
056

.000
112
.000
112

.000

000
000
056

.000

000

. 056

[Percent Veight(g)
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5072
.0000
.0000
0000
5072

0000
0000
0000
0000
0000
.0000

. 0002
. 0001
.0000
.0003
.0000
. 0903

.0000
.0000
.0000
. 2352
.0000
0. 0000
2.2352

Per cent

18. 493
.000
.000
.000
493

000
.000
000
000
.000
. 000

. 007
. 004
.000
011
.000
011

000
000
000
496
.000

0. 000
81. 496

[IEN

o

Frequency

100. 000
0. 000
0. 000
0. 000

100. 000

0. 000
0. 000
0. 000
0. 000
0. 000
0. 000
6. 667
6. 667
0. 000
33.333
0. 000
33.333

0. 000
0. 000
0. 000
16. 667
0. 000
0. 000
16. 667

IR) for major food

72.775
.000
.000
.000
175

.000
.000
000
000
000
000

5.577
5.575
0. 000
11.152
0. 000
11.152

0. 000
0. 000
0. 000
32. 740
0. 000
0. 000
32. 740
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Appendi x C14. Conposition by nunbre, mei?hth and frequency of occurance (percent)
and cal culated index of relative inportance (IR) for major food
itens in the stomachs of 61 juvenile westslope cutthroat collected
seasonal |y 1984

I'tem Number Percent  \%ight(g) Percent  Frequency IR

Daphni a 3472 28. 002 0. 9062 0. 996 18. 033 15. 677
Copepods 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Epi schura 12 0.097 0. 0058 0. 006 3.279 1.127
Lept odor a 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Total Zoopl ankt on 3484 23.099 0.9120 1.003 18. 033 15.712
Hymenopt era 7311 58. 964 74. 4451 81. 854 81. 967 74. 262
Col eoptera 538 4.33s 9.6011 10. 557 68. 852 27.916
Hemi ptera 130 1.048 1.2868 1.415 36. 066 12. 843
Horopt er a 91 0. 734 0.1107 0.122 26. 230 9.028
O her Terrestrial 158 1.274 0.4558 0.501 32. 787 11.521
Total Terrestrial 8228 66. 360 85. 8995 94. 448 85. 246 82.018
Diptera Larvae 265 2. 137 0. 0956 0. 105 14. 754 5. 665
Di ptera Pupae 79 0. 637 0.0715 0.079 14. 754 5. 157
Diptera Adul t 310 2.500 1.1817 1.299 27. 869 10. 556
Total Diptera 654 5.275 1. 3488 1.483 49. 180 18. 646
Qt her Aguatics 31 0. 250 0. 5523 0. 607 16. 393 5. 750
Total Aquatics 685 5.525 0.9011 2.390 55. 738 21.118
st sl ope Cutthroat 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Bull Trout 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Mountain Wi tefish 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Nor t hern Squawf i sh 1 0.008 2.2352 2.458 1.639 1. 368
Sucker 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Uni denti fied 1 0.008 0.0011 0.001 1.639 0. 550
Total Fish 2 0.016 2.2363 2.459 3.279 1.918
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Appendi x C15. Conposition by nunmber, weight, and frequency of occurance (percent:
: | for major food
items in the stomachs of 29 adult westslope cutthroat collected

and cal cul ated index of relative inportance (IRI)

June 1984
I'tem Nunber
Daphni a 855
(I¥]3 0
Epf sChura 699
Lept odor a 0
Total Zoopl ankt on 1554
Hynmenopt er a 1794
Col eoptera 1084
Hem ptera 21
Honopt er a 9
Qher Terrestrial 30
Total Terrestrial 2938
Diptera Larvae 206
Diptera Pupae 97
Diptera Adult 38
Total Diptera 341
G her Aquatics 60
Total Aquatics 401
Vst sl ope Cutt hroat 0
Bul | Trout 0
Mountain Wi tefish 0
Northern Squawfish 0
Sucker 0
Uni denti fied 0
Total Fish 0

Per cent

17.474
. 000
. 286
. 000
. 760

. 665
154
429
184
.613
. 045

. 210
. 982
777
. 969
. 226
195

. 000
. 000
0.000
0.000
0. 000
0. 000
0. 000

w =
—ROR~O

N LW
NS Koy

Veei ght (g)

w O

0.
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. 2215
. 0000
. 3377

0000

. 9992

. 9232
. 1232
. 9067
. 2973
. 4559
. 9063

. 3502
. 6169
L2777
. 2448
. 0607
. 3055

0000

. 0000
.0000
. 0000
.0000

0000
0000

Per cent

0.176
0. 000
0. 269
0. 000
0. 445

71.498
24. 428
0.403
1.031
0. 362
97.722

0.278
0. 490
0.221
0. 990
0. 843
1.833

0. 000
0.000
0.000
0. 000
0.000
0. 000
0. 000

Frequency

6.897
0.000
24.138
0. 000
24.138

86. 207
96. 552
27.586
17. 241
37.931
100. 000

34.483
34.483
31. 034
65. 517
31. 034
72.414

0. 000
0. 000
0. 000
0. 000
0. 000
0. 000
0.000



Appendi x c16.Composi tion by nunber | wei?htl and frequency of occurance (percent)
and cal cul ated index of relative inportance (IH% for major food
itens in the stomachs of 7 adult westslope cutt
August 1984

roat collected

Item Nunber Percent  \%ight(9) Percent  Frequency IR
Daphni a 0 0.000 0.0000 0.000 0.000 0. 000
Copepods 0 0.000 0.0000 0.000 0.000 0. 000
Epi schura 0 0.000 0.0000 0.000 0.000 0. 000
Lept odora 0 0.000 0.0000 0.000 0.000 0. 000
Total Zoopl ankton 0 0.000 0.0000 0.000 0.000 0. 000
Hynenopt er a 5279 98.342 36. 5217 84.676 100. 000 94. 339
Col eoptera 38 0.708 0.2018 0. 468 42. 857 14.678
Hem ptera 11 0. 205 0. 0897 0.208 57.143 19. 185
Honopt er a 20 0.373 0.0757 0.176 28.571 9.707
Qher Terrestri al 10 0. 186 0.9313 2. 159 28.571 10. 306
Total Terrestrial 5358 99. 814 37. 8202 87. 687 100.000 95. 833
Dipteralarvae 0 0.000 0. 0000 0.000 0.000 0.000
Diptera Pupae 8 0. 149 0. 0002 0. 000 28.571 9.574
Diptera Adult 0 0. 000 0.0000 0. 000 0.000 0. 000
Total Diptera 8 0.149 0.0002 0.000 28. 571 9.574
Other Aquatics 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Total Aquatics 8 0. 149 0. 0002 0. 000 28.571 9.574
Westslope Cutthroat 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Bull Trout 0 0. 000 0. 0000 0.000 0. 000 0. 000
Mountain Wi tefish 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Nor t her n Squawf i sh 2 0. 037 5. 3107 12. 313 14. 286 8.879
Sucker 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Uni denti fi ed 0 0. 000 0. 0000 0.000 0.000 0.000
Total Fish 2 0. 037 5. 3107 1'2.313 14. 286 a. 979
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Appendi x CL7. Conposition by nunmber, wei g?ht, and frequency of occurance (percent)
and cal cul ated index of relative inportance (IR) for major food
itens in the stonmachs of 13 adult westslope cutthroat collected
Cct ober 1984

Daphni a

SR

Lept odora
Total Zoopl ankt on

Hymenopt er a

Col eopt era

Hem ptera
Homopt er a

Qther Terrestrial
Total Terrestrial

Diptera Larvae
Diptera Pupae
Diptera Adult
Total Diptera
Qt her Aquatics
Total Aquatics

West sl ope Cutthroat
Bul I Trout

Muntain Witefish
Northern Squawfish
Sucker

Uni dent i fied

Total Fish

0 0. 000 0.

0 0. 000 0

0 0. 000 0
0 0. 000 0

0 0. 000 0.
1053 60. 727 4
117 6. 747 0.
177 10. 208 1
203 11.707 0.
131 7.555 1
1681 96. 943 8
2 0.115 0
21 1.211 0
30 1.730 0
53 3. 057 0
0 0. 000 0
53 3. 057 0
0 0. 000 0

0 0. 000 0.

0 0. 000 0

0 0. 000 0

0 0. 000 0

0 0. 000 0.

0 0. 000 0.
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Number Percent Wi ght (g)

0000

.0000
.0000
.0000

0000

. 6673

4676

. 0179

1690

. 7417
. 0635

. 0028
. 0102
. 0313
. 0443
. 0000
. 0443

. 0000

0000

.0000
.0000
.0000

Per cent

Frequency

0. 000
0. 000
0. 000
0. 000
0. 000
7. 566
5. 767
12. 555

2. 084
21.482
99. 454

. 035
. 126
. 386
. 946
. 000
546

.000
.000
.000
000
000
0. 000
0. 000

0. 000
0. 000
0. 000
0. 000
0. 000

92.308
84. 615
92.308
53. 846
69. 231
100. 000

7.692
23.077
38. 462
53. 846

0. 000
53. 846

.000
. 000
. 000
000
000
.000
0. 000

0. 000
0. 000
0. 000
0.000
0. 000

70. 200
32. 371
38. 357
22. 546
32. 756
98. 799

2.614
8. 138
13. 526
19. 150
0.000
19. 150

0.000
0. 000
0. 000
0. 000
0. 000
0. 000
0. 000



Appendi x C18. Conposition by nunber, mei?ht, and frequency of occurance (percent)
and cal cul ated index of relative inportance for major food
items in the stomachs of 19 adult westslope cutthroat collected
Decenber 1984

Item Number Percent  Wight(g) Percent  Frequency | R

Daphni a 21149 97.268 5.8161 91.992 68. 421 85. 894
Copepods 0 0.000 0. 0000 0. 000 0. 000 0. 000
Epi schura 0 0.000 0. 0000 0. 000 0. 000 0. 000
Lept odora 0 0.000 0. 0000 0. 000 0. 000 0. 000
Total Zooplankton 21149 97.268 5. 8161 91.992 68. 421 85. 894
Hynenopt er a 0 0.000 0. 0000 0. 000 0. 000 0. 000
Col eoptera 0 0.000 0. 0000 0. 000 0. 000 0. 000
Hem ptera 0 0.000 0. 0000 0. 000 0. 000 0. 000
Honopt er a 0 0.000 0. 0000 0. 000 0. 000 0. 000
Qther Terrestrial 0 0.000 0. 0000 0. 000 0. 000 0. 000
Total Terrestrial 0 0.000 0. 0000 0. 000 0. 000 0. 000
Diptera Larvae 103 0.474 0. 0159 0. 251 26. 316 9.014
Diptera Pupae 5 0.023 0. 0003 0.005 21.053 7.027
Diptera Adult 18 0.083 0.0019 0. 030 15. 789 5.301
Total Diptera 126 0.579 0.0181 0. 286 47. 368 16.078
Qther Aquatics 468 2.152 0. 4882 7,722 47,368 19. 081
Total Aquatics 594 2.732 0. 5063 8. 008 57. 895 22.878
Vst sl ope Cutthroat 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Bul | Trout 0 0.000 0. 0000 0. 000 0. 000 0. 000
Mountain Witefish 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Nor t her nSquawf i sh 0 0. 000 0. 0000 0.000 0. 000 0.000
Sucker 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Uni denti fied 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Total Fish 0 0. 000 0. 0000 0. 000 0. 000 0. 000
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Appendi x C19. Conposition by nunber, weight, and frequency of occurance (percent)
and cal culated index of relative inportance (IR) for major food
items in the stomachs of 68 adult westslope cutthroat collected

seasonal |y 1984
Number

Daphni a

Copepods

Epi schura

Lept odora

Total Zoopl ankton

Hymenopt er a

Col eoptera

Hem ptera
Honopt er a

Qther Terrestrial
Total Terrestrial

Diptera Larvae
Diptera Pupae
Diptera Adul t
Total Diptera
Qther Aquatics
Total Aquatics

Vst sl ope Cutthroat
Bul | Trout

Mountai n Wi tefish
Northern Squawfish
Sucker

Uni denti fied

Total Fish

22004

0
699
0

22703

8126
1239
209
232
171
9977

311
131
86
528
528
1056

NOOPRNNDODOO

Per cent

65. 220
0. 000
2.072
0. 000

67.292

24. 086
3.672
0.619
0. 688
0. 507

29. 572

0.922
0. 388
0. 255
1. 565
1. 565
3.130

0. 000
0.000
0. 000
0. 006
0.000
0.000
0. 006

Vi ght (g)

6. 0376
0. 0000
0. 3377
0. 0000
6. 3753

131. 1122
31.3926
1.6143
1. 5420
3. 1289
168. 7900

0. 3689
0. 6276
0. 3109
1.3074
1. 5489
2. 8563

0. 0000
0. 0000
0. 0000
5.3107
0. 0000
0. 0000
5.3107
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Per cent

3.293
0. 000
0. 184
0. 000
3. 477

71.516
17.123
0. 881
0.841
1.707
92. 068

0.201
0.342
0.170
0.713
0. 845
1.558

0.000
0.000
0. 000
2.897
0.000
0. 000
2.897

Frequency

22.059
0. 000
10. 294
0. 000
29. 412

64. 706
61. 765
35. 294
20. 588
32. 353
72.059

23.529
27.941
25.000
54. 412
26.471
60. 294

0. 000
0. 000
0. 000
1.471
0 . o000
0. 000
1.471

| R
-V\E--

30. 191
0. 000
4.183
0. 000

33. 394

53. 436
27.520
12. 265
7.372
11.522
64. 566

8.217
9.557
8.475
18. 897
9.627
21. 661

0. 000
0. 000
0. 000
1.458
0 .000
0. 000
1.458



Appendi x C20. Conposi tion by nunber, weight, and frequency of occurance (percent)
and cal cul ated index of relative inportance (IR) for major food
items in the stomachs of 4 juvenile bull trout collected
August 1983

Item Nunber Percent ~ Weight(g)  Percent Erequency IR

Daphni a 0 0.000 0.0000 0.000 0.000 0. 000
Copepods 0 0.000 0.0000 0.000 0.000 0.000
Epi schura 1 25. 000 0. 0004 0. 004 25. 000 16. 668
Lept odora 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Total Zoopl ankton 1 25.000 0. 0004 0. 004 25.000 16. 668

Hymenopt er a 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Col eoptera 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Hem ptera 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Honopt era , 0 0. 000 0.0000 0. 000 0. 000 0. 000
Qther Terrestrial 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Total Terrestrial 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Diptera Larvae 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Diptera Pupae 1 25. 000 0.0014 0.013 25. 000 16. 671
Diptera Adul t 0 0. 000 0. 0000 0. 000 0. 000 0.000
Total Diptera 1 25. 000 0.0014 0.013 25. 000 16. 671
O her Aguatics 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Total Aquatics 1 25. 000 0.0014 0.013 25.000 16. 671
Vst sl ope Cutt hroat 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Bul'l Trout 1 25. 000 7.7600 70. 495 25. 000 40. 165
Muntain Witefish 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Northern Squawfish 1 25. 000 2.9300 26. 617 25. 000 25.539
Sucker 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Uni dentified 0 0. 000 0. 3160 2.871 0. 000 0. 957
Total Fish 2 50. 000 11. 0060 99. 984 50. 000 66. 661
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Appendi x C21. Conposi tion by nunber, mei%ht, and frequency of occurance (percent)
and cal cul ated index of relative inportance (IR) for major food
items in the stomachs of 11 juvenile bull trout collected
Septenber 1983

I'tem Nunber Percent  Weight(g) Percent  Frequency | R

Daphni a 0 0. 000 0.0000 0. 000 0. 000 0. 000
Copepods 0 0. 000 0.0000 0. 000 0. 000 0. 000
Epi schura 0 0. 000 0.0000 0. 000 0. 000 0. 000
Lept odora 0 0. 000 0.0000 0. 000 0. 000 0. 000
Total Zoopl ankt on 0 0. 000 0.0000 0. 000 0. 000 0. 000
Hymenopt er a 1 6. 667 0. 0004 0. 002 9.091 5.253
Col eoptera 1 6. 667 0. 0020 0.011 9.091 5.256
Hem ptera 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Horopt er a . 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Qther Terrestrial 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Total Terrestrial 2 13. 333 0.0024 0.013 9.091 7.479

Diptera Larvae 0 0. 000 0. 0000 0. 000 0. 000 0. 000 .
Diptera Pupae 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Diptera Adul t 1 6. 667 0. 0007 0.004 9.091 5.254
Total Diptera 1 6. 667 0. 0007 0. 004 9.091 5.254
Qther Aquatics 1 6. 667 0.0130 0. 068 9.091 5.275
Total Aquatics 2 13. 333 0.0137 0.072 18. 182 10. 529
West sl ope Cutthroat 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Bul'l Trout 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Mountain Vhitefish 2 13. 333 13.2030 69. 554 18. 182 33. 690
Northern Squawfish 3 20. 000 4. 8060 25. 318 21.273 24.197
Sucker 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Uni dentified 6 40. 000 0.9573 5.043 27,273 24. 105
Total Fish 11 73.333 18. 9663 99. 915 12.727 81.992
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Appendi xC22. CbQFosition by nunber mei?hth and frequency of occurance (percent)
and cal cul ated index of relative inportance (IR) for na& or food
itens in the stomachs of 3 juvenile bull trout collected
Novmeber 1983

I'tem Number Per cent V%igh&&g) Percent  Frequency | R

Daphni a 1 10. 000 0.0003 0. 398 33.333 14. 577
Copepods 0 0. 000 0. 0000 0.000 0. 000 0. 000
Epi schura 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Lept odora 0 0.000 0. 0000 0. 000 0.000 0.000
Total zoopl ankt on 1 10. 000 0.0003 0.398 33.333 14,577
Hymenopt er a 0 0. 000 0. 0000 0.000 0. 000 0. 000
Col eoptera 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Hem ptera 0 0.000 0. 0000 0. 000 0. 000 0.000
Horopt er a . 0 0.000 0. 0000 0. 000 0. 000 0. 000
Q her Terrestrial 0 0. 000 0. 0000 0.000 0. 000 0.000
Total Terrestrial 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Diptera Larvae 1 10. 000 0. 0020 2.656 33.333 15. 330
Diptera Pupae 8 80. 000 0. 0060 7. 968 66. 667 51. 545
Diptera Adul t 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Total Diptera 9 90. 000 0. 0080 10. 624 66. 667 55. 764
Q her Aquatics 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Total Aquatics 9 90. 000 0. 0080 10. 624 66. 667 55. 764
Vst sl ope Cutt hroat 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Bull Trout 0 0.000 0. 0000 0. 000 0. 000 0. 000
Mount ai n Wi tefish 0 0. 000 0. 0000 0.000 0. 000 0.000
Northern Squawfish 0 0. 000 0.0000 0.000 0.000 0.000
Sucker 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Uni denti fied 0 0. 000 0.0670 88.977 0. 000 29. 659
Total Fish 0 0. 000 0. 0670 88. 977 0. 000 29. 659
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Appendi x @3. Conposi tionby nunber, weight, and frequency of occurance (percent)
and cal cul ated index of relative inportance (IR) for mjor food
itenms in the stomachs of 18 juvenile bull trout collected
seasonal |y 1983

Item Nurber Percent  \\ight(g) Percent  Frequency IR

Daphni a 1 3. 448 0. 0003 0.001 5. 556 3.002
Copepods 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Epi schura 1 3. 448 0. 0004 0.001 5. 556 3.002
Lept odora 0 0. 000 0. 0000 0. 000 0. 000 0.000
Total Zoopl ankt on 2 6. 897 0. 0007 0.002 11.111 6. 003
Hynmenopt era 1 3. 448 0. 0004 0.001 5. 556 3. 002
Col eopt era 1 3. 448 0. 0020 0. 007 5. 556 3.003
Hemi pt era 0 0. 000 0. 0000 0. 000 0. 000 0.000
Homopt er a 0 0.000 0. 0000 0. 000 0. 000 0.000
O her Terrestrial 0 0. 000 0. 0000 0. 000 0. 000 0.000
Total Terrestrial 2 6. 897 0. 0024 0.008 5. 556 4.153
Diptera Larvae 1 3. 448 0. 0020 0. 007 5. 556 3.003
Diptera Pupas 9 31.034 0. 0074 0.025 16. 667 15. 909
Diptera Adult 1 3.448 0. 0007 0.002 5. 556 3.002
Total Diptera 11 37.931 0.0101 0. 034 22.222 20. 062
O her Aquati cs 1 3. 448 0.0130 0.043 5. 556 3.016
Total Aquatics 12 41.379 0. 0231 0.077 27,778 23.078
Vst sl ope Cut t hr oat 0 0.000 0. 0000 0. 000 0. 000 0. 000
Bull Trout 1 3. 448 7.7500 25. 810 5. 556 11. 605
Mount ai n\Wi tefi sh 2 5. 897 13. 2030 43.914 11.111 20. 641
Nor t her nSquawf i sh 4 13.793 7.7360 25.730 22.222 20. 582
Sucker 0 0. 000 0. 0000 0. 000 0.000 0. 000
Uni dentified 6 20. 690 1. 3403 4. 458 16. 667 13.938
Total Fish 13 44,828 30. 0393 99.913 55. 556 66. 765
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Appendi s 4. qurositicn1byru4nber : mei?hth and frequency of occurance (percent)
and cal cul ated index of relative inportance (IR) for major food
itens in the stomachs of 3 adult bull trout collected

August 1983

I'tem Nunber Percent  Wight(g)
Daphni a 0 0. 000 0. 0000
Copepcds 0 0. 000 0. 0000
Epischura 0 0.000 0. 0000
Leptodora 0 0. 000 0. 0000
Total Zoopl ankt on 0 0. 000 0. 0000
Hynenopt er a 0 0.000 0. 0000
Col eoptera 0 0. 000 0. 0000
Hemi ptera 0 0. 000 0. 0000
Honopt er a 0 0.000 0. 0000
O her Terrestri al 0 0. 000 0. 0000
Total Terrestrial 0 0. 000 0. 0000
Diptera Larvae 0 0. 000 0. 0000
D ptera Pupae 0 0.000 0. 0000
Diptera Adult 2 28.571 0. 0030
Total Diptera 2 28.571 0. 0030
Q her Aguatics 0 0. 000 0. 0000
Total Aqguatics 2 28.571 0. 0030
West sl ope Cutthroat 0 0. 000 0. 0000
Bull Trout 0 0.000 0. 0000
Mountain Wi tefish 1 14. 286 0. 5500
Northern Squawfi sh 4 57. 143 9.5780
Sucker 0 0.000 0. 0000
Uni denti fied 0 0. 000 1.5830
Total Fish 5 71. 429 11.7110

CG24

Per cent

Frequency

3
3

wW

0
0
0
0
0
0
0
0
0
0
0.
0
0
3
3
0
3
0
0
33
33
0

0
66.

000
000

000
000

000

.000
.000
.000
.000
.000

000

.000
.000
. 333
. 333
.000
. 333

.000
.000
. 333
. 333
. 000

000
667

| R

.000
.000

.000
. 000

. 000

0

0

0

0

0

0. 000
0. 000
0. 000
0. 000
0. 000
0. 000
0. 000
0. 000
0. 643
0. 643
0. 000
0. 643
0

.000
0. 000
17.438
57.414
0. 000
4.505
79.357
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Appendi x C25. Conposi tion by number, weight, and frequency of occurance (percent)
for major food

and cal cul ated index of relative i
Septenber 1983

l'tem Nunber Percent  Weight(g)
Daphni a 0 0. 000 0. 0000
Copepods 0 0. 000 0. 0000
Epi schura 0 0. 000 0. 0000
Lept odor a 0 0. 000 0. 0000
Total Zoopl ankton 0 0. 000 0. 0000
Hymenopt er a 1 7.692 0. 0020
Col eoptera 2 15. 385 0. 0020
Hem ptera 0 0. 000 0. 0000
Honopt er a , 0 0.000 0. 0000
Qther Terrestrial 0 0.000 0. 0000
Total Terrestrial 3 23.077 0. 0040
Diptera Larvae 0 0.000 0. 0000
Diptera Pupae 0 0. 000 0. 0000
Diptera Adult 2 15. 385 0. 0004
Total Diptera 2 15. 385 0. 0004
Qther Aquatics 0 0. 000 0. 0000
Total Aquatics 2 15. 385 0. 0004
Vst sl ope Cutthroat 0 0. 000 0. 0000
Bul I Trout . 0 0. 000 0. 0000
Muntain Witefish 2 15.385  296.5000
Northern Squawfish 1 7.692 1. 2532
Sucker 3 23.077 9.6927
Uni denti fied 2 15. 385 5. 4274
Total Fish 8 61.538  312.8733

G 25
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itens in the stomachs of 7 adult bull trout col

Per cent

Rected

Frequency

0.000
0. 000
0.000
0.000
0.000

14. 286
14. 286



Appendi x C26. Conposi tion by number, weight  and frequency of occurance (percent)
and cal cul ated index of relative inportance (IR) for major food
items in the stomachs of 10 adult bull trout collected

Novenber 1983

I'tem Number Percent  Wight(g) Per cent
Daphni a 82 92.135 0.0235 0. 009
Copepods 0 0. 000 0. 0000 0. 000
Epi schura 0 0.000 0. 0000 0.000
Lept odora 0 0. 000 0. 0000 0. 000
Total Zoopl ankton 82 92.135 0. 0235 0.009
Hymenopt er a 0 0. 000 0. 0000 0. 000
Col eoptera 0 0. 000 0. 0000 0.000
Hemi pt era 0 0. 000 0. 0000 0. 000
Honopt er a . 0 0.000 0. 0000 0. 000
Qther Terrestrial 0 0. 000 0. 0000 0. 000
Total Terrestrial 0 0. 000 0. 0000 0. 000
Di ptera Larvae 0 0. 000 0. 0000 0. 000
Di pt era Pupae 0 0. 000 0. 0000 0.000
Diptera Adult 0 0. 000 0. 0000 0. 000
Total Diptera 0 0. 000 0. 0000 0.000
Gt her Aquatics 0 0. 000 0. 0000 0. 000
Total Aquatics 0 0. 000 0. 0000 0. 000
West sl ope Cutt hr oat 0 0. 000 0. 0000 0. 000
Bul | Trout 0 0.000 0. 0000 0.000
Mountain Vhitefish 4 4. 494 22.9100 8. 858
Northern Squawfish 0 0. 000 0. 0000 0.000
Sucker 3 3.371  232.6800 89. 967
Uni dent i fied 0 0.000 3.0150 1. 166
Total Fish 1 7.865  258.6050 99.991
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Appendix  C27. Conposi tion by nunmber , weight, and frequency of occurance (percent)
? for major food

and cal cul ated index of re

seasonal |y 1983

Item Nurber Percent Wi ght(g)
Daphni a 82 75. 229 0. 0235
Copepods 0 0.000 0.0000
Epi schura 0 0. 000 0. 0000
Lept odora 0 0. 000 0. 0000
Tot al Zoopl ankt on 82 75.229 0. 0235
Hymenopt er a 1 0.917 0. 0020
Col eoptera 2 1.835 0. 0020
Hem ptera 0 0. 000 0. 0000
Honopt er a 0 0. 000 0. 0000
Q her Terrestrial 0 0. 000 0. 0000
Total Terrestrial 3 2. 752 0. 0040
Diptera Larvae 0 0. 000 0. 0000
D ptera Pupae 0 0. 000 0. 0000
Diptera Adult 4 3.670 0.0034
Total Dptera 4 3.670 0.0034
Qt her Aquatics 0 0. 000 0. 0000
Total Aquatics 4 3.670 0.0034
Vést sl ope Cut t hr oat 0 0. 000 0. 0000
Bul | Trout 0 0. 000 0. 0000
Mountain Vi tefish 7 6.422  319.9500
Northern squawf i sh 5 4. 587 10. 8312
Sucker 6 5.505  242.3727
Uni denti fied 2 1.835 10. 0254
Total Fish 20 13.349  533.1893

G 27

: _ ative inportance (
itens in the stomachs of 20 adult bull trout co

Per cent

ol

S

O
(o]

. 004
.000

000
000
004

000
000
000
000
000
001

000

.000
. 001
. 001
.000

001

. 000
.000
. 861
. 857
. 958
. 719
. 995

?Iected

Frequency

25. 000
0. 000
.000
.000
. 000

.000
.000
.000
.000
. 000
.000

. 000
000
. 000
000
. 000
. 000

0. 000
0. 000
25. 000
10. 000
30. 000
5.000
65. 000

N

[ el Y

| R

33.411
0. 000
0. 000
0. 000
33.411

1.973
2.278
0. 000
0. 000
0. 000
2.584

0. 000
0. 000
4. 557
4. 557
0. 000
4.557

0. 000
0. 000
28.761
5.481
25. 687
2.851
61.114



Appendi x C28. Conposi tion bynumber, weight, and frequency of occurance (percent)
and cal cul ated index of relative inportance (IR) for major food
itens in the stomachs of 28 juvenile bull trout collected

June 1984

| tern Number Percent  \\eight(g)  Percent  Frequency IR

Daphni a 2 1.626 0. 0004 0.001 3.571 1.733
Copepods 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Epi schura 30 24. 390 0.0145 0.028 7.143 10. 520
Lept odora 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Total Zoopl ankt on 32 26. 016 0.0149 0. 029 10. 714 12. 253
Hymenopt era 1 0.813 0. 0226 0. 043 3.571 1.476
Col eoptera 1 0.813 0.0411 0.079 3.571 1.488
Hem ptera 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Honptera 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Qther Terrestrijal 0 0. 000 0.0000 0. 000 0. 000 0.000
Total Terrestrial 2 1.626 0.0637 0.122 7.143 2.964
Diptera Larvae 41 33. 333 0. 0543 0. 104 14. 286 15. 908
D ptera Pupae 20 16. 260 0.0351 0. 067 21. 429 12. 585
Diptera Adult 0 0. 000 0. 0000 0.000 0. 000 0. 000
Total Diptera 61 49.593 0. 0894 0.171 28.571 26. 112
Ot her Aquati cs 7 5.691 0. 0624 0.120 17. 857 7. 889
Total Aquatics 68 55. 285 0.1518 0.291 39. 286 31.520
Vst sl ope Cut t hr oat 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Bull Trout = 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Mountain Vitefish 3 2. 439 12.0824 23.161 10.714 12.105
Nor t her nSquawf i sh 11 8. 943 31. 5448 60. 468 25.000 31. 470
Sucker 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Uni denti fied 7 5.691 8. 3105 15.930 17. 857 13.159
Total Fish 21 17.073 51.9377 99. 558 46. 429 54. 353



Appendi x C29. Conposi tion by nunber, weight, and frequency of occurance (percent)
and cal cul ated index of relative inportance (IR) for mgjor-food

itenms in the stomachs of 15 juvenile bull trout collected

August 1981
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Appendi x C30. Gonposi tion by number, vveig?

ht, and frequency of occurance (percent)

and cal cul ated index of relative inportance (IR) for major food

items in the stomachs of 18 juvenile bull trout collected

Cct ober 1984
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Appendi x C31. Conposition by nunber, weight, and frequency of occurance (percent)
and cal cul ated index of relative inportance for major food
itens in the stonmachs of 61 juvenile bull trout collected
seasonal |y 1984

I'tem Nunber Percent  Weight(g) Percent  Frequency | R

Daphni a 48 21.239 0. 0104 0.012 9. 836 10. 362
Copepods 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Epi schura 32 14.159 0. 0153 0.018 4.918 6. 365
Lept odor a 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Total Zoopl ankt on 80 35. 398 0. 0257 0.031 13.115 16. 181
Hymenopt er a 10 4. 425 0.0731 0. 087 6. 557 3.690
Col eoptera 3 1.327 0.0754 0. 090 3.279 1.565
Hem ptera 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Honopt er a 4 1.770 0. 0004 0. 000 1.639 1.137
Qther Terrestrial 3 1.327 0.0223 0. 027 3.279 1.544
Total Terrestrial 20 8. 850 0.1712 0.204 11. 475 6. 843
Diptera Larvae 54 23. 894 0. 4639 0. 554 14,754 13. 067
Di ptera Pupae 24 10. 619 0.0423 0. 050 13.115 7.928
Diptera Adul t 4 1.770 0. 0025 0.003 3.279 1.684
Total Diptera 82 36. 283 0. 5087 0. 607 26. 230 21.040
Ot her Aquatics 9 3.982 0. 0679 0.081 11. 475 5.180
Total Aquatics 91 40. 265 0.5766 0. 688 32. 787 24. 580
Vst sl ope Cutt hroat 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Bul | Trout 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Mountai n Wi tefish 3 1.327 12.0824 14. 417 4,918 6. 887
Northern Squawfish 17 7.522 50. 6531 60. 441 19. 672 29. 212
Sucker 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Uni denti fied 15 6. 637 20. 2975 24.219 16. 393 15.750
Total Fish 35 15. 487 83. 0330 99. 077 36. 066 50. 210
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Appendi x G2. Gnposition by nunber, weight, and frequency of occurance (percent)
and cal cul ated i ndex of relative inportance (IRl) for major food
itens in the stomachs of 21 adult bull trout collected

June 1984

I'tem Nunber Percent  \eight (9] Percent  Frequency IR

Daphnia 0 0. 000 0. 0000 0. 000 0.000 0. 000
Copepods 0 0. 000 0. 0000 0. 000 0.000 0. 000
Epi schura 0 0.000 0. 0000 0.000 0.000 0. 000
Lept odor a 0 0N000 0. 0000 0. 000 0.0000 0.000
Total Zoopl ankt on Q 0. 000 0. 0000 0. 000 0.000 0. 000
Hynenopt er a 0 0. 000 0. 0000 0.000 0.000 0. 000
Col eoptera 1 5.000 0.0111 0.005 4.762 3.256
Hemi ptera 0 0.000 0. 0000 0.000 0.000 0.000
Horopt er a _ 0 0.000 0. 0000 0.000 0.00Q 0.000
Qher Terrestrial 0 0.000 0. 0000 0.000 3.000 0.000
Total Terrestrial 1 5.000 0.0111 0.005 4.762 3.256
D pteralarvae 0 0.000 0.0000 0.000 0.000 0.000
D ptera Pupae 2 10. 000 0.0022 0.Qol 9.524 6.508
Di pteraAdul t 0 0.000 0.0000 0.000 0.00Q 0.0Q0
Total Diptera 2 10. 000 0.0022 0.001 9.524 6.508
Qther Aquatics 5 25.000 0.0377 0.016 14.286 13.101
Total Aquatics 7 35.000 0.0399 0.017 23.810 19.509
West sl opeCut t hr oat 0 .0000 0.0000 0.000 0.000 0.000
Bull Trout . 0 0. 000 0.0000 0.000 0.000 0.000
Mount ai n Whi tef ish 3 15. 000 34.1100 14.880 14.286 14.722
Nor thern Squawf ish 7 35.000  111.6341 48.699 28.571 37.423
Sucker 2 10.000 51.5300 22.595 9.524 14.010
Uni dentif ied 0 0.000 31.8487 13.894 0.000 4.531
Tot al Fish 12 50.000  229.1828 99.978 47.619 59.139
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Appendi x C33. Conposi tion by number, weight, and frequency of occurance (percent)
ortance (IR) for major food
9 adult bull trout collected

and cal cul ated i ndex of relative
items in the stonachs of

August 1984
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Appendi x C34. Conposi tion by number, weight, and frequency of occurance (percent)
and cal cul ated index of relative inportance (IR) for major food
itens in the stomachs of 6 adult bull trout collected
Cct ober 1984

I'tem Number Percent  Weicht(g)  Percent Frequency | Rl

Daphni a 0 0. 000 0. 0000 0.000 0.000 0. 000
Copepods 0 0.000 0. 0000 0.000 0. 000 0. 000
B pi schura 0 0.000 0. 0000 0.000 0. 000 0.000
Lept odor a 0 0.000 0. 0000 0. 000 0. 000 0. 000
Total Zoopl ankt on 0 0. 000 0. 0000 0.000 0. 000 0. 000
Hymenopt er a 0 0. 000 0. 0000 0.000 0. 000 0.000
Col eopt era 0 0. 000 0. 0000 0. 000 0.000 0. 000
Hem ptera 1 33.333 0. 0006 0. 000 16. 667 16. 667
Homopt era . 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Qther Terrestrial 0 0. 000 0. 0000 0.000 0. 000 0. 000
Total Terrestrial 1 33. 333 0. 0006 0. 000 16. 667 16. 667
Diptera Larvae 0 0. 000 3.0000 0.000 0. 000 0.000
Di ptera Pupae 0 0.000 0.0000 0.000 0.000 0.000
Di ptera Adul t 0 0.000 0.~000 0.000 0. 000 0.000
Total Diptera 9 0. 000 0.0C00 0.000 0. 000 0.000
Qher Aguatics 0 0. 000 0.0030 0. 000 0. 000 0.000
Total Aquatics 0 0.000 0. 0000 0. 000 0. 000 0.000
West sl ope Cut t hr oat 0 0. 000 0. 0000 0.000 0. 000 0.000
Bul | Trout 0 0.000 0. 0000 0.000 0. 000 0.000
Mount ai n\hi tefish 1 33. 333 26. 6200 10. 005 16. 667 20. 002
Northern Squawfish 0 0. 000 0. 0000 0. 000 0. 000 0.000
Sucker 1 33.333  230.0000 86. 448 16. 667 45. 483
Uni denti fi ed 0 0.000 9. 4359 3. 547 £.000 1.182
Total Fish 2 66.667  266. 0559 100. 000 33. 333 66. 667
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Appendi x C35. Conposi tion by number, weight, and frequency of occurance (percent)
and cal cul ated index of relative inportance (IR) for major food
itens in the stonachs of 1 adult bull trout collected
Decenber 1984

I'tem Nunber Percent  Weight(g)  Percent  Frequency IRI

Daphni a 0 0.000 0.0000 0.000 0.000 0.000
Copepods 0 0.000 0.0000 0.000 0.000 0.000
Epi schura 0 0.000 0.0000 0.000 0.000 0.000
Lept odora 0 0.000 0.0000 0.000 0.000 0.000
Total Zoopl ankt on 0 0.000 0.0000 0.000 0.000 0.000
Hynenopt era 0 0.000 0.0000 0.000 0.000 0.000
Col eoptera 0 0.000 0.0000 0.000 0.000 0.000
Henmi ptera 0 0.000 0.0000 0.000 0.000 0.000
Honopt era 0 0.000 0.0000 0.000 0.000 0.000
Qher Terrestrial 0 0.000 0.0000 0.000 0.000 0.000
Total Terrestrial 0 0.000 0.0000 0.000 0.000 0.000
Diptera Larvae 0 0.000 0.0000 0.000 0.000 0.000
Diptera Pupae 0 0.000 0.0000 0.000 0.000 0.000
Diptera Adult 0 0.000 0.0000 0.000 0.000 0.000
Total Diptera 0 0.000 0.0000 0.000 0.000 0.000
Q her Aquatics 0 0.000 0.0000 0.000 0.000 0.000
Total Aquatics 0 0.000 0.0000 0.000 0.000 0.000
st sl ope Cut t hr oat 0 0.000 0.0000 0.000 0.000 0.000
Bul I Trout 0 0.000 0.0000 0.000 0.000 0.000
Mount ai n VWi tefish 0 0.000 0.0000 0.000 0.000 0.000
Northern Squawfi sh 0 0.000 0.0000 0.000 0 .000 0.000
Sucker 0 0.000 0.0000 0.000 0.000 0.000
Uni denti fied 0 0.000 0.2318 100. 000 0.000 33.333
Total Fish 0 0.000 0.2318 100. 000 0.000 33.333
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Appendi x C36. Conposi ti on by nunber , wei ?ht, and frequency of occurance (percent)

and cal cul ated index of re

ative inportance

itens in the stomachs of 37 adult bull trout collected

seasonal 'y 1984

ltem \y ... Momer  Percent _veight(g)
Daphni a 0 0. 000 0. 0000
Copepods 0 0. 000 0. 0000
Epi schura 0 0. 000 0. 0000
Lept odora 0 0. 000 0. 0000
Total zoopl ankton 0 0. 000 0. 0000
Hymenopt er a 47 65. 278 0.1108
Col eoptera 1 1.389 0.0111
Hem ptera 1 1.389 0. 0006
Honopt er a 0 0.000 0. 0000
O her Terrestrial 0 0. 000 0. 0000
Total Terrestrial 49 68. 056 0. 1225
Diptera Larvae 0 0. 000 0. 0000
Diptera Pupae 3 4,167 0. 0038
Diptera Adult 0 0. 000 0. 0000
Total Diptera 3 4,167 0. 0038
Qt her Aquatics 5 6. 944 0. 0377
Total Aquatics 8 11.111 0. 0415
Vst sl opeCut t hr oat 0 0. 000 0. 0000
Bul | Trout 0 0. 000 0. 0000
Mountain Wi tefish 4 5. 556 72.9820
Northern Squawfish 8 11.111  123.3213
Sucker 3 4,167  288.5201
Uni dentified 0 0. 000 50. 5655
Total Fish 15 20.833  535. 3889
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AppencizC37. Composition by numder, weight, and frequency of occurance (percent)
and calculated index of relative importance (IRI) for wmajor food
items in the stomachs of 12 mwuntain whitefish collected
August 1983

Iten Mumber Percent  Weight(qg) Percent  Freguency IRI

Daphnia 11134 99.198 2.7306 98.212 100.000 99.137
Copzpods 19 0.159 0.0020 0.072 25.000 8.414
Bpischura 58 0.517 0.0224 0.806 33.333 11.552
Leptodora 0 0.000 0.0000 0.000 0.090 0.000
Total Zooplankton 11211 99.384 2.7550 99.090 100.000 99.658
Jymenoptera 0 2.000 0.0000 0.000 0.000 0.000
Coleoptera 92 0.000 0.0000 0.000 0.000 0.000
Heuniptara 0 0.000 0.0000 0.000 0.000 0.000
Iomontera ) 0.000 n.0000 0.000 0.000 0.000
Dther Terrestrial ) 2.000 0.0009 0.009 0.000 0.009
Total Terrestrial ) 0.000 0.0090 7.000 0.000 0.009
Diptera Larvasz 3 0.027 0.0017 0.061 25.000 8.363
Diptera Pupae 19 0.039 0.0236 0.849 33.333 11.424
Diptera Adult 0 0.999 0.0200 0.000 0.000 0.000
Total Diptera 13 9.1156 0.0253 0.910 41.667 14,231
Dther Ajzuatics 0 0.390 0.0000 0.000 0.000 0.000
Total Agquatics 13 2.115 0.0253 0.919 41.657 14,231
Wesislope Cutthroat J £.039 3.20359 3,000 0.099 0.000
3ull Trouat 0 7.000 0.00090 0.00D 0.000 0.000
Mountain Whitefisn 0 0.000 0.0000 0.000 0.000 0.000
Norzhern Sriawfish a 0.000 0.0900 2.000 0.000 0.000
Suckzr 0 0.099 1.0099 0.0920 0.000 0.000
Tnidencisied 4] 1.9990 0.0000 0.009 0.000 0.000
Total Pish 2 2.009 2.9099 2.000 0.000 0.000

Cc-37



Appendi x C38. Oorg)osition by number, wei ght , and frequency of occurance (percent)
and cal cul ated index of relative inportance (IR) for major food
items in the stomachs of 17 nountain whitefish collected
Sept enber 1983

I'tem Nunier Percent  Weight(g) Percent  Frequency | RI
Daé&r & 5393 95. 355 1.2759 67.329 88. 235 83.373
Copepods 0 0.000 0. 0000 0.000 0.000 0.330
Epi schura 4 0.071 0.0015 0.079 11. 765 3.972
Lept or dora 2 3.035 0.0027 0.142 5. 882 2.020
Tot al Zoopl ankt on 5399 96. 462 1.2811 67.551 88. 235 84.083
Hymenopt er s 160 2.553 0. 4637 34. 450 29.412 18. 907
Col eopt era 0 0.000 0.00150 0.000 0.000 0.003
Hem ptera 0 0.000 0. 0000 0.000 0.000 0.000
Homopt era 2 0.035 3. 0430 2. 257 5. 382 3.723
Ot her Terrestrial i 0.018 0. 0049 3.211 5.332 2. 037
Total Terrestrial 163 2.912 0.5107 25.929 29. 412 19. 751
Diptera Larvae 21 3.375 0. 0556 2.924 29.412 10. 924
Di pterapupae 14 0.250 3.0431 2.535 29.412 13.733
Di pteraAdul t 0 0. 000 0. 0000 0.003 0.000 0. 000
Total Diptera 35 0.625 0. 1047 5.521 52. 941 19 .696
Qher Aquatics [ 0.000 3.3000 0.000 0. 009 93 888
Tot al Aquatics 35 0. 625 0. 1047 5.521 52.341 19
Vst sl ope Cutthroat 0 0.000 0. 0000 0.000 0.000 0.000
Bul | Trout 0 0.000 0. 0000 0.330 0.000 0.000
Mountain Witefish 0 0. 300 0. 0000 0.000 0.000 0.000
Nor t her n Squawf i sh 0 0.000 0. 0000 0.000 0.000 0.000
Sucker 0 0. 000 0.0000 0.000 0. 030 0.000
Uni denti fi ed 0 0.000 0.0000 0.000 0. 009 0.000
Tot al Fish 0 0. 000 cl. 0000 0.000 1000 0.000

c-38



Appendix (39.Composition Dy number, weignt, and fraguency of occurance (perceat)
and Taleulated index af relative iwportance (IRT) far .mjor food

itens in the stomachs of 34 mountain whitefish collactad
ovemdar 1983

Icen Huner Parcent Weight(g)  Parcent

requency IRT

Saphnia 52155 99.933 11.3302 99.358 100.000 99.753
Conepods 4 0.008 0.0009 1.000 2.941 0.933
Epischura 5 0.010 9.0020 0.017 14,705 4,911
Leptodor a 3 0.000 0.0000 0.000 0.000 0.000
Total Zoyoplankton 352175 39.950 11,3322 93.374 100,000 99.775
Jymenopcara ) 9.000 0.000) 0.900 0.000 0.009
Coleoptera ) 0.090 2.0000 0.000 0.000 0.090
Yeaiptera 0 n.000 0.0000 0.000 0.220 0.000
Homopter 0 0.200 0.0900 0.009 0.900 0.000
Jther Terrestrial 0 0.0092 0.0000 0.009 0.000 0.000
Total Terrestrial 0 0.000 0.00920 0.090 0.090 0.099
Diptera Larvae 3 0.017 0.9175 0.147 17.547 5.337
Diptera Pupae 17 0.033 0.0570 0.473 32.353 10.955
Diptera Adul: 90 0.000 0.0%00 0.000 0.000 0.000
Total Diptara 25 3.059 0.9745 0.525 41,176 13.951
dther Aquatics 0 9.0900 9.0000 0.000 0.090 9.000
Tocal Aguatics 26 0.050 0.0745 0.626 41.17% 13.951
“lastslope Cutthroat 0 0.900 0.0000 0.000 0.000 0.000
3uil Troutc ] 2.070 2.9999 1.020 0.000 0.000
Fountain Waitelisa 5 0.99%0 5.0003 0.009 0.590 6.000
Jorthern Squawfisi 9 0.900 0.0000 2.000 2.000 0.000
Sucker 9 $.000 0.0003 0.000 2.930 0.000
Jaidentiiied J 2.000 2.0000 0.000 0.000 0.000
Total Fish 2 2.300 9.0000 3.000 3.000 0.000



Appendi x C40- Conposi tion by nunmber , mei?hth and frequency of occurance (percent)
and cal cul ated index of relative inportance (IR) for major food
itenms in the stonachs of 63 nountain whitefish collected
seasonal |y 1983

Item Number Percent ~ Weight(g)  Percent  Frequency IR

Daphni a 68693 99. 523 15. 8377 95.503 96. 825 97. 284
Copepods 23 0.033 0. 0020 0.012 5.349 2.132
Epi schura 67 0.097 0. 0259 0. 156 17. 460 5. 905
Lept odor a 2 0.003 0. 0027 0.016 1.587 0.535
Total Zooplankton 68785 99. 657 15. 8683 95, 687 96. 825 97. 390
Hynmenopt er a 160 0.232 0. 4637 2. 796 7.937 3. 655
Col eopt era 0 0.000 0. 0000 0.000 0.000 0.000
Hem ptera 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Honopt era 2 0.003 0. 0430 0. 259 1. 587 0.616
Qther Terrestrial 1 0.001 0. 0040 0.024 1.587 0.538
Total Terrestrial 163 0.236 0.5107 3.080 7.937 3.751
DipteralLarvae 33 0.048 0.0758 0. 457 22.222 7.576
D ptera Pupae 41 0. 059 0. 1287 0.776 31.746 10. 861
Diptera Adul t 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Total Diptera 74 0.107 0. 2045 1.233 44, 444 15. 262
Qther Aguatics 0 0. 000 0. 0000 0. 000 0. 000 0.000
Total Aguatics 74 0. 107 0. 2045 2.233 44. 444 15. 262
Vst sl ope Cut t hr oat 0 0. 000 0. 0000 0.000 0. 000 0. 000
Bull Trout 0 0.000 0. 0000 0. 000 0. 000 0. 000
Mountain it ef i sh 0 0. 000 0.0000 0. 000 0. 000 0. 000
Nor t her n Squawf i sh 0 0.000 0. 0000 0. 000 0. 000 0. 000
Sucker 0 0.000 9. 0000 0. 000 0. 000 0. 000
Uni dent i fi ed 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Total Fish 0 0. 000 0. 0000 0. 003 0. 000 0. 000
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Appendi xCAL1. Conposi tion by nunber, mei%hth and frequency of occurance (percent)
and cal cul ated index of relative inportance (IR) for major food
items in the stomachs of 20 nountain whitefish collected

June 1984

I'tem Nunber Percent  Wight(g) Percent  Frequency | R

Daphni a 17618 98.745 3. 8588 84. 239 100. 000 94.328
Copepods 16 0.090 0. 0000 0. 000 15. 000 5.030
Epl schura 46 0. 258 0.0221 0.482 30. 000 10. 247
Lept odora 0 0. 000 0. 0000 0. 000 0. 000 0.000
Total Zooplankton 17680 99. 092 3. 8809 84.721 100. 000 94. 604
Hymenopt er a 17 0. 095 0.5681 12. 402 5.000 5.832
Col eoptera 1 0. 006 0. 0844 1.842 5.000 2.283
Hem ptera 1 0. 006 0.0072 0. 157 5.000 1.721
Horopt er a . 0 0.000 0. 0000 0.000 0. 000 0. 000
Qther Terrestrial 0 0. 000 0. 0000 0. 000 0. 000 0.000
Total Terrestrial 19 0.106 0. 6597 14. 401 5.000 6. 503
Diptera Larvae 106 0.594 0.0130 0. 284 25. 000 8. 626
Diptera Pupae 31 0.174 0. 0225 0.491 45, 000 15. 222
Diptera Adult 6 0.034 0. 0044 0. 096 5.000 1.710
Total Diptera 143 0.801 0. 0399 0.871 55. 000 18. 891
Qther Aquatics 0 0. 000 0. 0000 0.000 0. 000 0. 000
Total Aquatics 143 0.801 0. 0399 0.871 55. 000 18. 891
Viést sl ope Cutthroat 0 0. 000 0. 0000 0.000 0. 000 0. 000
Bul | Trout 0 0.000 0. 0000 0. 000 0.000 0.000
Muntain Witefish 0 0.000 0. 0000 0. 000 0.000 0. 000
Northern Sguawfish 0 0. 000 0. 0000 0. 000 0. 000 0.000
Sucker 0 0. 000 0. 0000 0.000 0. 000 0.000
Uni dentified 0 0. 000 0. 0003 0. 007 0. 000 0.002
Total Fish 0 0. 000 0.0003 0. 007 0. 000 0.002
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Appendi x C42. Conposi tion by nunmber | wei ?ht, and frequency of occurance (percent)

and cal cul ated index of re

August 1984

I'tem Nunber Percent  Wight(g)
Daphni a 5079 99. 141 1.2197
Copepods 0 0. 000 0. 0000
Epi schura 5 0.098 0.0019
Lept odor a 0 0. 000 0. 0000
Total Zoopl ankton 5084 99. 239 1.2216
Hynenopt er a 0 0. 000 0. 0000
Col eoptera 0 0. 000 0. 0000
Hemi ptera 0 0. 000 0. 0000
Honopt er a 0 0.000 0. 0000
Qher Terrestrial 0 0. 000 0. 0000
Total Terrestrial 0 0. 000 0. 0000
D pteralarvae 35 0. 683 0. 0009
Diptera Pupae 4 0.078 0. 0005
Diptera Adult 0 0. 000 0. 0000
Total Diptera 39 0.761 0.0014
QO her Aguatics 0 0. 000 0. 0000
Tot al Aquatics 39 0.761 0.0014
Vst sl ope Cutthroat 0 0. 000 0. 0000
Bul | Trout 0 0.000 0. 0000
Mount ai nWi tefish 0 0. 000 0. 0000
Nor t her nSquawf i sh 0 0. 000 0. 0000
Sucker 0 0. 000 0. 0000
Uni dent i fi ed 0 0.000 0. 0000
Total Fish 0 0. 000 0. 0000
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itens in the stomachs of 13 nountain whitefish collected

Per cent

.730
.000
. 155
000
886

. 000
. 000
. 000
. 000
. 000
. 000

074
041
. 000
114
. 000
114

000
. 000
0. 000
0. 000
0. 000
0.000
0. 000

Frequency

10
1

0.000
0.000
5. 385

100'.000

CO0OOO UIOUIOUIN OO0 O

.000
000
000
. 000
.000
000

. 692
. 385
. 000
. 385
.000
. 385

000
000
000
000
. 000
. 000
0. 000

for major food

| RI

99. 624
. 000
213
.000
. 108

. 000
. 000
.000
. 000
. 000
. 000

. 816
. 168
000
420
0. 000
5.420

0. 000
0. 000
0. 000
0. 000
0. 000
0. 000
0. 000



Appendi x CA3. Conposi ti on by nunber, wei ght , and frequency of occurance (percent)
and cal cul ated i ndex of relative inportance (IR) for mjor food

items in the stomachs of 12 nautianwhitefish collected

Cct ober 1984

Copepods

Epi schura

Lept odor a

Tot al Zoopl ankt on

Hymenopt era

Col oeptera
Hemiptera
Homoptera

Qher Terrestrial
Total Terrestrial

Diptera Larvae
Diptera pupae
Di pteraAdul t
Total Diptera
Other Aquatics
Total Aquatics

Westslope Cutthroat
Bull Trout
Mountai n Whitefish
Northern Squawfish
Sucker
Unidentified

Total Fish

12458

RO OrPOS LWO OO ODODOO

OO WO OO —
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Appendi x C44. Conposi ti on by nunber, mei%hth and frequency of occurance (percent)
and cal cul ated index of relative inportance (IR) for mjor food
itens in the stomachs of 45 nountain whitefish collected
seasonal |y 1984

I'tem Number Percent  Wight(g) Percent  Frequency [ RI

Daphni a 35155 99.238 8. 8401 92. 344 100. 000 97.194
Copepods 16 0. 045 0. 0000 0. 000 6. 567 2.237
Epi schura 51 0.144 0. 0240 0.251 17. 778 6. 057
Lept odora 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Tot al Zoopl ankton 35222 99. 427 8. 8641 92. 595 100. 000 97. 341
Hymenopt er a 17 0.048 0.5681 5,934 2.222 2.735
Col eoptera 1 0.003 0. 0844 0. 882 2.222 1. 036
Hem ptera | 0.003 0.0072 0.075 2.222 0.767
Horopt er a 0 0. 000 0. 0000 0.000 0.000 0. 000
Q her Terrestrial 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Total Terrestrial 19 0.054 0. 6597 6. 891 2.222 3. 056
Diptera Larvae 141 0.398 0.0139 0. 145 13.333 4,626
Diptera Pupae 37 0. 104 0. 0306 0.320 26. 667 9.030
Diptera Adult 6 0.017 0. 0044 0. 046 2.222 0.762
Total Diptera 184 0.519 0. 0489 0.511 31.111 10. 714
Qt her Aquatics 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Total Aquatics 184 0.519 0. 0489 0.511 31.111 10. 714
Vst sl ope Cutt hroat 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Bul | Trout 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Mountain Whitefish 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Northern Squawfi sh 0 0. 000 0. 0000 0.000 0. 000 0. 000
Sucker 0 0. 000 0. 0000 0. 000 0. 000 0 .000
Uni denti fied 0 0. 000 0. 0003 0.003 0. 000 0.001
Total Fish 0 0. 000 0. 0003 0.003 0. 000 0.001
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Appendix CAS.Composition by number, weight, and frequency of occurance (percent)
and calculated index of relative importance (IRI) for major food
items in the stomachs of 5 juvenile northern squawfish collected

August 1983

Item Number Percent Weight(g) Percent Frequency IRI

Daphnia 37 30.579 0.0108 3.216 20.000 17.932
Copepods 0 0.000 0.0000 0.000 0.000 0.000
Spischura 0 0.009 0.0000 0.000 0.000 0.000
Leptodora 0 0.000 0.0000 0.000 0.000 0.000
Total Zooplankton 37 30,579 0.0108 3.216 20.000 17.932
Hymenoptera 11 9.091 0.0120 3.574 20.000 10.888
Coleoptera 0 0.000 0.0000 0.000 0.000 0.000
Hemiptera 0 0.000 0.0000 0.000 0.000 0.000
Homoptera 0 0.000 0.0000 0.000 0.000 0.000
Jdther Terrestrial 0 0.000 0.0000 0.000 0.000 0.000
Total Terrestrial 11 3.091 0.0120 3.574 20.000 10.888
Diptera Larvae 0 0.000 0.5000 0.000 0.000 0.000
Diptera Pupae 0 0.000 0.0000 0.900 0.000 0.000
Diptera Adult 73 60.331 0.0710 21.144 40.000 40.491
Total Diptera 73 50.331 0.0710 21.144 40.9000 40.491
Jiaer Adquatics 0 3.990 0.0000 9.009 0.000 0.000
Total Aquatics 73 57.331 9.J3710 21,144 40.000 40,491
Westslope Tutthroat ) 0.200 2.3000 0.009 0.000 9.000
3ull Trouk: 0 0.000 0.0339 0.000 0.000 0.000
Sfountain Whitefish 0 0.290 0.0000 0.000 0.000 0.000
Jorthern Squawfish ) 9.000 0.0090 0.090 0.0090 0.000
Sucker ] 0.990 0.0000 0.009 0.000 0.009
Jnideatified ) 2.02) 0.242) 72.967 0.000 24,022
Total Tish ) 0.000 0.2429 72.067 0.900 24,022



Appendix C46.Composition by auwder, waijht, and fremency of occurance (percent)
and calculated index of r=lative ianportancze (IRI) for major I[ood
items in the stomachs of 7 juvenile northern squawfish collacted
Septemper 1933

Iten Numbder Percent Weighi(y) Percent Freguency RI

Daphnia 0 9.090 0.00990 2.209 J.000 2.0030
Copepods 0 0.000 0.0390 2.909 0.009 0.900
Tolschura ) 0.000 0.0209 0.000 2.899 0.209
Leptodora 0 1.000 0.00909 7.009 0.909 9.230
Total Zooplankton 0 0.000 0.0090 0.909 0.029 9,339
Hymenoptera 19 75.923 0.3850 35.353 14.235 538,921
Coleoptera 0 2.000 0.00200 2.009 1.009 1,000
Hemiptera J 2.9209 2.0902 2.09090 0.0600 0.990
Homoptera 0 0.099 0.0700 0.000 2.990 0.330
Dther Terrestrial 1 7.592 0.0020 J.444 14,235 7.474
Total Terrestrial 11 34,515 0.3870 35.900 22,571 55,396
Dintera Larvae 0 0.0090 0.0020 0.009 0.0090 0.099
Diptera Pupae 1 7.692 0.0020 0.444 14,285 7.474
Diptera Adult 0 0.209 0.9090 9.999 2.909 0.299
Total Diptera 1 7.592 0.0929 0,444 14,285 7.474
DOther Aguatics 0 9.909 2.0000 0,099 2.029 3.990
Total Aguatics 1 7.692 0.002) J, 144 14.285 7.474
Westslope Cutthroat 2 9.00D 0.0009 0,009 2.390 0.030
3ull Trout 0 0.000 0.2930 2,999 0.009 0.9239
Mountain Whitefisn 1 7.692 J.0610 13.55% 14,285 11.845
Horthern Squawfish 0 0.009 0.9009 0.0930 J.307 2,020
Sucker J 0.099 0.00929 0.000 7,039 2.999
Unidentified ) 2.009 0.00990 3,000 3.392 3.305
Total Fish 1 7.592 12,0510 12,555 11,235 11,345
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Agpendi xCAT.

Conposti on by nunber, wei ght, and frequency of occurance (percent)
and cal cul ated index of relative inportance (IR) for major food
items in the stomachs of 1 juvenile northern squawfish collected
Novenber 1983

Item Number Percent ~ Weight (g)  Percent  Frequency | R

Daphni a 12 92.308 0.0032 75.190 100. 000 89.499
Copepods 0 0.000 0.0000 0.000 0. 000 0.000
Epi schura 0 0.000 0.0000 0.000 0.000 0.000
Lept odora 0 0.000 0.0000 0.000 0.000 0.000
Tot al Zoopl ankt on 12 92.303 0.0032 76.190 100. 000 89.493
Hymenoptera 0 0.000 0.0000 0.000 0. 000 0.000
Col eoptera 0 0.000 0.0000 0.000 0.000 0.000
Hemptera 0 0.003 0.0000 0.000 0.000 0.000
Homopt er a _ 0 0.000 0.0000 0.000 0. 000 0.000
Q her Terrestrial 0 0.000 0.0000 0.000 0.000 0.000
Total ‘Terrestrial 0 0.000 0.0000 0.000 0. 000 0.000
Diptera Larvae [ 0.000 0.0000 0.000 0. 000 0.000
| ptera Pupae 1 7.692 0.0910 23.810 100. 000 43.834
Diptera Adul t 3 0.300 0. 0000 0.000 0. 000 0.000
Total Diptera 1 7.692 0.0010 23.510 100. 000 43.834
Qher Aguatics 0 0.000 0. 3003 0. 000 0.000 0.000
Tot 31 Aquatics 1 7.692 0. 0010 23.810 100. 000 43.534
West sl ope Cut throat 0 0.000 0. 0000 0.000 0. 000 0.000
Bull Trout 0 0.000 0. 0000 0.000 0.000 0.000
Mountai n Wi tefish 0 0.000 0.00013 3.000 0.000 0.000
Northern Squawfish 0 0.000 0. 0000 0.000 0. 000 0.000
Sucker 0 0.000 0.0003 0.003 0. 000 0.000
Uni dentified 0 0.000 0. 0000 3,000 0. 000 0.000
Total Fi sh 0 3.030 0. 0000 0.003 0.000 0.000
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Appendi x CA8

Eggrosition by nunber , wei ght, adfrequency of occurance (percent!
calculated i ndex of relative inportnace (IRl) for major food
itens in the stomachs of 13 juvenilenorthern squawfish col | ect ed
seasonal |y 1983

| tem Nunber Percent  Weight (g Percent  Frequency | R

Daphnia 49 33.333 9.0140 1.772 18.888 16.830
Copepods 0 0.000 0.0000 0.000 : 0.000
Epi schur a 0 0.000 3.0000 3.000 3.030 0.000
Lept odora 0 0.800 0.0000 0.300 0.000 0.000
Tot s1Zooplankton 43 33.333 0.0140 1.772 15.385 15.830
Hymenopter a 21 14.286 0.3970 50.253 15.335 26.641
Col eoptera 0 0.000 0.0000 0.000 0.000 0.000
Hem ptera 0 0.030 0.0000 0.000 0.000 0.003
Homoptera 0 0.030 0.0000 0.000 3.000 0.000
Ot her Terrestri al 1 0.680 0.0020 0.253 7.592 2.875
Tot al Terrestrial 22 14.366 0.3390 50.506 23,377 29.516
Diptera Larvae 0 0.000 0.0000 0.000 0.000 0.000
Di ptera Pupae 2 1.351 0.0030 3.30 15.385 5.708
D ptera Adult 73 49.660 0.0710 3.987 15. 385 24.677
Total Diptera 75 51.020 0.0740 9.367 30. 769 30.386
Other Aquatics 3 0.000 0.0000 0.000 0.000 0.300
Total Agquatics 75 51.020 0.0740 0.367 30.769 39.386
Vst sl ope Cutthroat 0 0.303 3.3000 0.900 ).000 0.000
Bull Trout 0 3.030 0.0000 0.000 0.000 3.000
Mountian Whitefish 1 0.680 0.0613 7.722 7.692 5.355
Nrthern Squawf i sh 0 3.330 0. 0000 0.0013 0.000 0.000
Sucker 0 0.000 0.0000 0.000 0.000 0.000
Uni dentified 0 0.000 0.2420 30. 633 0.000 10 211
Total Fish 1 0.680 0.3030 38.3541 7.592 15. 576



Appendi x C49. Composition by numper, wWeight, and frequency of occurance (percent)
and cal cul ated index of relative inportance (IR) for major food
I tems inthe stomachs of 3 adult northern squawfish col |l ected
August 1983

| ten Number Percent  \ight (g)  Percent  Frequency IR

Daphnia 0 0. 000 0. 0000 0.000 0.000 0.000
Copepods 0 0. 000 0. 0000 0.000 0.000 0.000
Epi schura 0 0. 000 0. 0000 0.000 0.000 0.000
Kept odor a 0 0. 000 0. 0000 0.000 0.000 0.000
Tot al Zoopl ank t on 0 0. 000 0. 0000 0.000 0.000 0.000
Hymenopt er a 0 0. 000 0. 0000 0.000 0.000 0.000
Col eoptera 0 0.000 0. 0000 0.000 0.000 0.000
Hem ptera 0 0.000 0. 0000 0.000 0.000 0.000
Honopt era 0 0.000 0. 0000 0.000 0.000 0.000
Other Terrestrial 0 0. 000 0. 0000 0.000 0.000 0.000
Total Terrestrial 0 0. 000 0. 0000 0.000 0.000 0.000
Di pteralarvae 0 0.000 0. 0000 0.000 0.000 0 .000
Di ptera Pupae 0 0. 000 0. 0000 0.000 0.000 0.000
O pteraAdul t 0 0.000 0. 0000 0.000 0.000 0.000
Total Diptera 0 0. 000 0. 0000 0.000 0.000 0.000
Other Aquatics 0 0.000 0.0000 0.000 0.000 0.000
Total Aquatics 0 0.000 0. 0000 0.000 0.000 0.000
West sl opeCut t hr oat 0 0. 000 0. 0000 0.000 0.000 0.000
Bul I Trout . 0 0. 000 0.0000 0.000 0.000 0.000
Mountian wni tef ish 0 0.000 0. 0000 0.000 0.000 0.000
Nort hern Squawf ish 1 100. 000 3. 9600 53.574 33.333 65.636
Sucker 0 0.000 0. 0000 3.000 0.000 0.000
Uni denti f i ed 0 0. 000 2.2690 36.426 0.000 12.142
Total Fish 1 100. 000 5.2290 100. 000 33.333 77.778
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Appendix C50. Composition by number, weight, and frequency of occurance (percent)
and calculated index of relative importance (IRI) for major food
items in the stomachs of 1 adult northern squawfish collected
September 1983

Item Number Percent Weight(g) Percent Frequency IRI

Daphnia 0 0.000 0.0000 0.090 0.000 0.0090
Covepods 0 0.000 0.0000 0.009 0.000 0.000
Epischura 0 0.000 0.0000 0.000 0.000 0.099
Leptodora 0 0.000 0.0000 0.000 0.000 0.000
Total Zooplankton 0 0.000 0.0000 0.000 0.900 0.000
Hymenoptera 0 0.000 0.0000 0.000 0.000 0.9200
Col~optera 0 0.000 0.0000 0.000 0.000 0.900
Hemiptera 0 0.000 0.0000 0.0090 J3.000 0.000
Homoptera 0 0.000 0.3009 0.900 J3.700 9.900
Nther Terrestrial 0 0.000 0.0000 0.000 J.009 0.000
Total Terrestirial ) 0.000 0.90920 0.000 0.000 0.90)
Diptera Larvae 9 9.000 0.0000 0.000 0.0090 0.000
diptera Pupae ) 0.090 3.0999 0.000 J.000 0.000
Diptera Adult 0 9,000 9.0000 0.009 0.003 0.000
Total Jiptera 0 9,000 0.0000 0.900 2.000 0.000
Other Aquatics 0 0.009 0.009) 9.000 0.300 0.900
Total Ajuatics ] 0.000 0.0090 0.900 0.000 0.020
Wastslope Cutthroat ) 0.90) 0.0909 2.009 0.000 0.9209
8uall Trou: 0 3.990 0.099) 2.79) 0.900 0.090
Hountaia aitafish 1 100,009 1.7439 100.309 170.990 199.209
Morthern Sguawiish b 0.290 0.0300 3.009 9.900 0.029
Sucker ) 0.00) 0.0900 7.920 2.935 9,909
Unidentifiagd 0 1.000 0.9399 0.J00 0.00) 0.00)0
Total Fish 1 199.009 1.7499) 102,999 192,099 199.900



Appendix C51.Composition by number, weight, and freguency of occurance (percent)
and calculated index of relative importance (IRI) for major food
items in the stomachs of 4 adult northern squawfish collected
seasonally 1983

tem Number Percent Weight(g) Percent Prequency IRI
Daphnia 0 0.000 0.0000 0.000 0.000 0.000
Copepods 0 0.000 0.0000 0.000 0.000 0.000
Spischura 0 0.000 0.0000 0.000 0.000 0.000
Leptodora 0 0.000 0.0000 0.000 0.000 0.000
Total Zooplankton 0 0.000 0.0000 0.000 0.000 0.000
Jymenogtera 0 0.900 0.0000 0.000 0.000 0.000
Coleoptera 0 0.000 0.0000 0.000 0.000 0.000
Heaiptera 0 0.000 0.0000 0.000 0.000 0.000
Jomoptera 0 0.000 0.0000 0.000 0.000 0.000
Other Terrestrial 0 0,000 0.0000 0.000 0.000 0.000
Total Terrestrial 0 0.000 0.0000 0.000 0.000 0.000
Diptera Larvae 0 0.000 3.0000 0.000 0.000 0.000
Diptera Pupae 0 2.000 0.9000 0.000 0.000 0.000
Diptera Adult ) 0.700 0.0000 0.000 9.000 0.000
Total Diptera 0 2.009 0.0209 0.000 0.000 0.000
Dther Aquatins ) 1.000 9.0090 0.000 0.000 0.000
Total Aguatics 2 9.000 0.9909 0.009 0.000 0.090
Westslope Cutthroat 2.000 9.0999 9.000 0.000 0.000
3411 Trout 0.020 0.0000 0.900 0.020 0.000

50.000 1,7400 21.835 25.000 32.278
59.0900 3.9690 49.693 25.000 41.564
9.000 0.0000 0.000 9.000 0.000
2.000 2.25690 28.473 0.000 9.491
100.000 7.9699 107.900 50.000 83.333

Hountain Whicefish
Horthern Sgquawfish
3ucker
Taideatified

Total Fish
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Appendi x C52. Conposi tion by nunber, weight, and frequency of occurance (percent)
and cal cul ated index of relative inportance (IR) for mjor food
itens in the stomachs of 18 juvenile northern squawfish collected

June 1984

Item Nunber Percent  \%ight(g) Percent  Frequency | R

Daphni a 0 0.000 0.0000 0.000 0.000 0. 000
Copepods 0 0.000 0.0000 0.000 0.000 0. 000
Epi schura 0 0.000 0.0000 0.000 0.000 0. 000
Lept odor a 0 0.000 0.0000 0.000 0.000 0. 000
Total Zoopl ankton 0 0.000 0.0000 0.000 0.000 0. 000
Hynenopt er a 0 0.000 0.0000 0.000 0.000 0. 000
Col eopt era 1 100. 000 0.0007 0.419 5.556 35.325
Hem ptera 0 0. 000 0.0000 0. 000 0.000 0.000
Honopt er a 0 0. 000 0.0000 0.000 0.000 0.000
Qther Terrestrial 0 0. 000 0.0000 0. 000 0.000 0.000
Total Terrestrial 1 100. 000 0.0007 0.419 5.556 35.325
Diptera Larvae 0 0. 000 0.0000 0. 000 0.000 0.000
Diptera Pupae 0 0.000 0.0000 0. 000 0.000 0.000
Diptera Adul t 0 0. 000 0.0000 0. 000 0.000 0.000
Total Diptera 0 0. 000 0.0000 0. 000 0.000 0.000
O her Aquatics 0 0. 000 0.0000 0. 000 0.000 0.000
Total Aquatics 0 0. 000 0.0000 0. 000 0.000 0.000
Vst sl ope Cutt hroat 0 0. 000 0.0000 0.000 0.000 0.000
Bull Trout 0 0.000 0.0000 0.000 0.000 0.000
Muntain Witefish 0 0. 000 0.0000 0. 000 0.000 0.000
Northern Sguawfish 0 0.000 0.0000 0.000 0.000 0.000
Sucker 0 0. 000 0.0000 0.000 0.000 0.000
Uni dent i fied 0 0. 000 0.1665 99. 581 0.000 33.194
Total Fish 0 0. 000 0.1665 99. 581 0.000 33.194
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Appendi xC53. Oonc}oositi on by nunber, weight and frequency of occurance (percent)
an

calculated index of relative inportance (

) for major

f ood

items in the stomachs of 13 juvenile northern squawfish collected

August 1984

I'tem Number Percent  Wight(g)
Daphni a 2 5. 556 0. 0000
Copepods 0 0. 000 0. 0000
Epi schura 0 0. 000 0. 0000
Lept odora 0 0. 000 0. 0000
Total Zoopl ankt on 2 5. 556 0. 0000
Hynmenopt er a 28 17.778 0. 2082
Col eoptera 0 0. 000 0. 0000
Yeniptera 0 0. 000 0. 0000
Honopt er a 4 11.111 0. 0002
Ot her Terrestrial 0 0.000 0. 0000
Total Terrestrial 32 88. 889 0.2084
D pteralarvae 0 0. 000 0. 0000
Di ptera Pupae 0 0. 000 0. 0000
O pteraAdul t 3 0. 000 0. 0000
Total Diptera 0 0. 000 0. 0000
Qt her Aquatics 1 2.778 0.0014
Total Aquatics ! 2.778 0.9014
Wést sl ope Cut t hr oat 0 0. 000 0. 0000
Bul | Trout 0 0. 000 0.0000
Mountian Wi tefish 1 2.778 12. 2100
Nor t her nSquawf i sh 0 0.000 0. 0000
Sucker 0 0.000 0. 0000
Uni denti fi ed 0 0.000 0. 0000
Total Fish 1 2.778 12. 2100
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Appendi x C54. Conposi tion by nunber, wei

?

ht, and frequency of occurance (percent)

and cal culated index of relative inportance (IR) for nmajor food
itens in the stomachs of 6 juvenile northern squawfish collected
Cct ober 1984

Copepods

Epi schura

Lept odora

Total Zoopl ankt on

Hynmenopt era

Col eopt era

Hem ptera
Honopt er a

Qther Terrestrial
Total Terrestrial

Diptera Larvae
D ptera Pupae
Diptera Adult
Total Diptera
QG her Aquatics
Total Aquatics

Vst sl ope Cut t hr oat
Bul | Trout

Muntain Witefish
Northern Squawfish
Sucker

Uni dentified

Total Fish

Nunber

ODOOODODODODOO OO OO O Do ooOoO
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Percent  Wight(g)
100. 000 0. 0693
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
100. 000 0. 0693
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0.0047
0.000 0.0047

Per cent

93. 649
0.000
0.000
0.000

93. 649

0.000
0. 000
0.000
0.000
0. 000
0.000

0. 000
0. 000
0.000
0.000
0.000
0. 000

0.000
0.000
0.000
0.000
0.000
6. 351
6. 351

Frequency

83. 333
0. 000
0.000
0. 000

83. 333

0. 000
0.000
0. 000
0.000
0. 000
0.000

0.000
0.000
0.000

0.000
0.000

0. 000

0. 000
0.000
0. 000
0.000
0. 000
0.000
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Appendi xC55.  Conposi tion by number, weight, and frequency of occurance (percent)
and cal cul ated index of relative inportance (IR) for ngjor food
items in the stomachs of 37 juvenile northern squawfish collected

seasonal |y 1984

I'tem Nunber Per cent
Daphni a 291 89. 264
Copepods 0 0. 000
Epl schura 0 0.000
Lept odora 0 0.000
Total Zoopl ankton 291 89. 264
Hynenopt er a 28 8. 589
Col eopt era 1 0. 307
Hem ptera 0 0. 000
Homopt er a 4 1.227
O her Terrestrial 0 0. 000
Total Terrestrial 33 10. 123
Diptera Larvae 0 0. 000
Di ptera Pupae 0 0.000
Diptera Adult 0 0. 000
Total Diptera 0 0.000
Qther Aquatics 1 0. 307
Total Aquatics 1 0. 307
Vst sl ope Cutt hroat 0 0. 000
Bul | Trout 0 0. 000
Mountai n Wi tefish 1 0. 307
Northern Squawfish 0 0.000
Sucker 0 0. 000
Uni dentified 0 0.000
Total Fish 1 0. 307
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Appendi x C56. Conposi tion by nunber, weight, and frequency of occurance (percent)
and cal cul ated index of relative inportance (IR) for ngjor food
items in the stomachs of 17 adult northern squawfish col | ected

June 1984

I'tem Nuntoer Percent  Wight(g) Percent  Frequency | R

Daphni a 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Copepods 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Epi schura 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Lept odor a 0 0. 000 0. 0000 0. 000 0. 000 0 . 000
Total Zoopl ankton 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Hymenopt er a 6 37.500 0. 5825 0. 489 5. 882 14. 624
Col eoptera 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Hem ptera 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Honopt er a 0 0.000 0. 0000 0. 000 0. 000 0. 000
Qther Terrestrial 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Total Terrestrial 6 37.500 0. 5825 0. 489 5. 882 14. 624
Diptera Larvae 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Diptera Pupae 5 31.250 0. 0035 0.003 11.765 14. 339
Diptera Adult 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Total Diptera 5 31.250 0. 0035 0.003 11. 765 14. 339
Qther Aquatics 1 6. 250 0. 0020 0. 002 5. 882 4. 045
Total Aquatics 6 37.500 0. 0055 0. 005 17. 647 18. 384
Vst sl ope Cutthroat 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Bul | Trout 1 6. 250 40. 1600 33.732 5. 882 15. 288
Mountain Wi tefish 0 0. 000 0. 0000 0. 000 0. 000 0. 000
Northern Squawfi sh 0 0.000 0. 0000 0. 000 0. 000 0. 000
Sucker 2 12.500 58. 3745 49. 031 11. 765 24. 432
Uni dentified 1 6. 250 19. 9335 16. 743 5. 882 9.625
Total Fish 4 25.000  118.4680 99. 506 17. 647 47. 384

G 56



Appendi xC57. Composi tion by nunber, wei g?ht,_ and frequency of occurance (percent)
and cal cul ated index of relative inportance (IR) for najor food
items in the stomachs of 6 adult northern squawfish collected
August 1984

I'tem Nunber Percent  Weight(g) Percent  Frequency | RI

Daphni a 0.000 0. 0000 0.000 0.000 0.000
Copepods 0.000 0. 0000 0.000 0.000 0.000
Epi schura 0.000 0. 0000 0.000 0.000 0.000
Lept odor a 0.000 0. 0000 0.000 0.000 0.000
Tot al Zoopl ankt on 0. 000 0. 0000 0. 000 0. 000 0. 000
Hynmenopt era 44 100. 000 1. 4792 99. 382 16. 667 72.016
Col eoptera 0.000 0. 0000 0. 000 0. 000 0. 000
Hem ptera 0. 000 0. 0000 0.000 0. 000 0. 000
Honopt er a . 0.000 0. 0000 0. 000 0.000 0.000
Qther Terrestrial 0.000 0. 0000 0.000 0.000 0.000
Total Terrestrial 44 100. 000 1. 4792 99. 382 16. 667 72.016

0.000 0. 0000 0. 000 0. 000 0.000
0. 000 0. 0000 0.000 0. 000 0.000
0. 000 0. 0000 0.000 0. 000 0. 000
0.000 0. 0000 0.000 0. 000 0. 000
0. 000 0. 0000 0. 000 0. 000 0.000
0.000 0. 0000 0. 000 0. 000 0. 000

0. 000 0. 0000 0. 000 0. 000 0.000
0.000 0. 0000 0. 000 0. 000 0.000
0. 000 0. 0000 0. 000 0. 000 0.000
0.000 0. 0000 0. 000 0. 000 0. 000

Diptera Larvae
Diptera Pupae
Diptera Adult
Total Diptera
Qher Aquatics
Tot al Aquatics

Vst sl ope Cutthroat
Bul | Trout

Muntain Witefish
Nor t her nSquawf i sh

OO OODODODOO ODOOOO O OO ODOODOO OO OO O

Sucker 0.000  0.0000 0. 000 0.000  0.000
Uni dent i fi ed 0.000  0.0092 0. 618 0.000  0.206
Total Fish 0.000  0.0092 0. 618 0.000  0.206
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Appendi xC58. Conposi tion by nunber, weight, and frequency of occurance (percent)
and cal cul ated index of relative inportance (IR) for najor food
items in the stomachs of 1 adult northern squawfish collected
Cct ober 1984

Daphni a

[@seS000S
Epi sChura
Lept odora
Total Zoopl ankton

Hymenopt era

Col eoptera

Hem ptera

Honopt era

Qther Terrestrial
Total Terrestria

Di ptera Larvae
DipteraPupae
Di ptera Adul t
Total Diptera
Other Aquatics
Total Aquatics

Vst sl ope Cutthroat
Bul | Trout
Nount ai Whi tefish
Nor t her Squawf i sh
Sucker

Uni denti fied

Total Fish

Nunber

ODOOODODODDODOO OO OODODOO ODOOODODODO ODOODOO

Percent  Wight(g)
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0. 000 0. 0000
0.000 0. 0000
0. 000 0. 0000
0.000 16. 3000
0. 000 16. 3000
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0. 000
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0. 000
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0. 000
0. 000
0. 000
0. 000
0. 000

0. 000
0. 000
0. 000
0. 000
0. 000
0.000

0 . 000
0. 000
0 .000
0. 000
0. 000
0. 000

0. 000
0. 000
0.000
0. 000
0. 000
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Appendi x C59. Conposition by nunber, we

seasonal |y 1984

Item Nurber Per cent
Daphni a 0 0. 000
Copepods 0 0.000
Epl schura 0 0. 000
Lept odora 0 0. 000
Total Zoopl ankt on 0 0. 000
Hymenopt er a 446 97. 807
Col eoptera 0 0. 000
Hem ptera 0 0. 000
Honopt er a 0 0.000
O her Terrestrial 0 0. 000
Total Terrestrial 446 97.807
Diptera Larvae 0 0. 000
Diptera Pupae 5 1. 096
Diptera Adult 0 0. 000
Total Diptera 5 1. 096
Q her Aquatics 1 0.219
Total Aquatics 6 1.316
Vst sl ope Cutthroat 0 0. 000
Bul | Trout 1 0.219
Mountain Witefish 0 0. 000
Northern Sguawfish 0 0. 000
Sucker 2 0.439
Uni denti fied 1 0.219
Total Fish 4 0. 877

. i%htt and frequency of occurance (percent)
and cal cul ated index of relative inportance (IR) for major food
itens in the stomachs of 24 adult northern squawfish collected

N
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oo
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Appendix E2. Length frequency diagrams for bull trout captured in floating and
sinking gill nets in Hungry Horse Reservoir in the spring and
fall, 1984 and 1985.
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Appendix ES. Length frequency diagram for large scaled
suckers and longnose suckers captured in
floating and sinking gill nets in Hungry
Horse Reservoir, 1984 and 1985.
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Appendix F1. Length frequency diagram of juvenile
cutthroat trout caught in downstream
trap in Hungry Horse Creek, July and
August 1984.
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Appendix F2.

Length frequency diagram of juvenile cutthroat trout caught in
downstream trap in Hungry Horse Creek, June through September 1985.
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Appendix G1. Tagging and return information for westslope cutthroat and bull trout taggad in trisutacies to iluagry llorse Resecvoir
and South Fork River, 1983.

Tagaing Data —3aturn Data
tathod Distance
. Length Length of “Hoved
Date Location (=) Data Location (en) Recaptuce (k)
6-16-83  Bnery Cr. 170 ¥ 6-2-83 Enecy Ct. 150 Angling —
6-24-83 Enecy Cr. 135 J 7-20-83 Hungcy Horse Res.--Enery 3ay 169 Gill Net e
6-28-83 Bnery Crc. 146 J 11-29-83 Hungry Horse Res.—Bnecy Bay 266 Gill Met —
7-3-83 Enecy Cr. 142 J 9-3-83 Enecy Cr. ~178 Angling —_—
6-28-83 Hungry Hocse Cr. 348 A 12-15-83  ‘louth of Clark Cr. =368 Gill MNet +49, 9%/
7-4-83 Hungry Horse Cr. 368 A 7-23-83 Hungry Hocse Res, — Angling —_—
7-19-83 Lower Twin Cc. 380 A 7-26-83 Houth of Lower Twin Cc. ~368 Angling .5
7-19-83 Lover Twin Cc. 200 J 8-31-83 Inlet of S. Pork River =203 Angling -8.4
7-24-83 Lowec Twin Cr. 255 J 7-26-83 Mouth of Lower Twin Cr. ~252 Angling 0.5
7-28-83 Lower Twin Ct. 234 J 8-2-83 “outh of Lower Twin Cr. <223 Angling 0.5
8-2-93 Lower Tvin Cr. 232 J 9-21-83 Inlet of S. Fock River “254 Agling -8.4
6-15-83 Murray Cr. 106 J 6-29-83 “louth of Hungry Hocse Cr. —_ Angling -18.8
6-16-83 “uccay Cr. 340 A 6-29-83 Mouth of Lost Johnny Cr. -_ Angling +14.5
6-23-83 North Fork Logan Cr. 172 J 8-30-03 fouth of Sullivan Cr. 203-229 Angling -2
6-24-83 North Fork Logan Cr. 145 J 0-24-83 Mouth of Lid Cc. =178 Angling -28.2
7-28-83 Sullivan Cr. 200 J 8-21-83 Sullivan Cr. -_ Angling -_—
7-30-83 Sullivan Crc. 163 J 9-29-83 Hungry Horse Res.--Devils 208 Gill Net -—
Corkscrew Area
6-16-83  Tent Cr. 3 A 6-25-83 Riverside Boat Landing —— Agling +3.7
6-21-83 Tent Cr. 367 A _— Hungry Horse Res.--Devils “373 Gill Net +28.5
Cockscrew Area
Bull Txout
8-1-33 Sullivan Cr. 194 J —_ Hungry Hocse Res.—Devils ~203 Gill Net 45,2

Corkscrew Area

2/ gJ—Juvenile fish; A--Adult fish

Vo, is up-resacvoir movenent; -~ is down-cesarvoir movanent

G-1



Appendix G2, Tagging and return information of juvenile westslope cutthroat tagged in tributaries
to Hungry Horse Reservoir (IR} and South Fork River, 1984,

Returp Data )
Tagaing Data lethod Distance
Length Length of Hoved
Date Location (=m) Date tion (men) Recapture (xn)
7-9-84  Emery Cr. 135 8-2-84  HMR—louth of Lost Johmay — ~— Angling +2.2%/
7-25-84 Emnery Cr. 170 8-30-84 "Jounded Buck Cr. -— Angling +4.9
7-20-84 Forest Cr. 165 8-27-84 Sullivan Cr, ~190 Angling +4.0
7-23-84 Forest Cr. 170 8-3-84 HHR-—outh of Graves Cr. -— Angling -4.8
9-7-83 Hungry Horse Cr. 148 7-21-84 Huhgry Horse Cr. Tran 206 Trao —
7-5-34 Hungry Horse Cr. 152 7-21-84 HHR——fouth of Lost ~153 Angling +2.3
Johnny Cr.
7-11-84 Hungry Horse Cr. 175 7-15-84 HHR--louth of Hungry -— Angling 0.5
Horse Cr.
7-12-84 Hungry Horse Cr. 182 7-15-34 HYR—fouth of Hungry -— Angling 0.5
Horse Cr.
7-31-83 Lower Twin Cr. 210 6-28-84 HHR—Sullivan Area 283 Gill ‘et -5.2
8-1-83 Lower Twin Cr. 181 4-26-84 H{R—-Sullivan Area 239 Gill Net -12.9
7-14-84 Lower Twin Cr. 227 7-14-84 Lower Twin Cr. 227 Angling -
7-31-83 Sullivan Cr. 180 6-28-34 H{R—Sullivin Area 252 Gill Net 4.0
8-8-83 Sullivan Cr. 202 5-31-84 Hi{R—tlurcay Area 290 Gill Net -24.1
7-23-84 Wheeler Cr. 155 9-5-84 Sullivan Cr. — Angling +4.0
7-23-84 Yaeeler Cr. 152 9-5-84 Sullivan Cr. -— Angling +4.0

V43 up-reservoir movenent, - is down-river reservoir moveient



Appendi x G3. Taggingand return information of adult westslope cutthroat and bull trout tagged in tributaries
to Hungry Horse Reservoir (HHR) and South Fork River, 1984.

. Return Data
Tagging Data Method Di stance
Length ) Length of Moved
Dat e Location ( mm) Dat e Location (mh Recapture (km
7-11-84 Forest Cr. 388 9-2- 84 Mirray Bay oo Angling 22,78/
6- 24- 83 Hungry Horse Cr. 378 5-28-84 Hungry Horse Cr. Trap 390 Trap -
7-3-83 Hungry Horse Cr. 386 5-23-84 Hungry Hor se Day - Angl'ing 0.5
6-28-84 Hungry Horse Cr. 390 10-23-84  Hungry Horse Day -430 Angling 0.5
7-7-84 Hungry Horse Cr. 397 7-18-84 Hingry Hor se Day - Angl i ng 0.5
7-2-84 Hungry Horse Cr. 368 7-5-84 Hungry Horse Bay Angl ing 0.5
7-3-84 Hungry Horse Cr. 369 7-8-84 Hingry Horse Bay - Angling 0.5
7-7-84 Hungry Horse Cr. 319 7-15-84 Hungry Horse Bay - Angl i ng 0.5
7-4-84 Hungry Horse Cr. 391 J-15-84 Hungry Hor se Bay — Angling 0.5
7-4-84 Hungry Horse Cr. 284 7-27-84 Hungry Horse Cr. Trap 204 Tra -
7-6-84 Hungry Horse Cr. 371 7-12-84 Hungry Horse Bay - - AngPi ng 0.5
7-11-84 Hungry Horse Cr. 357 7-15-84 Hungry Horse Bay - Angl i ng 0.5
7-13-84 Hungry Horse Cr. 355 7-21-84 Hingry Hor se Day - Angling 0.5
7-13-84 Hungry Horse Cr. 351 7-15-84 Hungry Horse Day Angling 0.5
7-17-84 Hungry Horse Cr. 373 7-21-84 Hungry Hor se Bay Angl i ng 0.5
8-9-83 Lover Twin Cr. 297 7-1-84 HHR-Lid C. Area — Angl i ng 5213
6-15-83 Mirray Cr. 351 7-9-84 Hungry Horse Cr. Trap 367 Trap -18.8
6-17-83 North Fork Logan Cr. 340 5-19-84 North Fork Logan Cr. - Angling -
7-12-84 Qui ntonkon Cr. 378 7-15-84 Sullivan Cr. -390 Angl ing -1.0
5-9-84 Rwer voi r--Mut h of 370 5-31-84 HHR--Enery Area - 365 G Il Net 48.0
Sullivan Cr.
5-2-84 Reservoir- - Upper end 255 7-7-84 S.Fork River--Log Landing 340 Angling +3.0
8-8-83 Sullivan Cr. 387 6-16-84 -390 Angling
6- 18- 83 Tent Cr. 360 6- 25- 84 Hungry Horse Cr. Trap 380 Tr -14. 8
6-22-83 Tent Cr. 392 7-8-84 H HR--Muth of Deep Cr. 415 Angﬁ ng -5.6
5-9-84 Reservoi r--Mut h of 559 *wW=* 8-29-84 Qui nt onkon Cr. — Angl i ng 6.0
Sullivan Cc.

al +is up-reservoir novenment; - is down-reservoir noverent
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Appendi x G4. Tagging and return information for westslope cutthroat tagged in tributaries to
Hungry Horse Reservoir and South Fork River, 1985.
TAGGI NG DATA RETURN DATA
Method  Distance
Length Lengt h of Mved
Dat e Location nm Date Location _m__ > km
6/22/83 Murrav Creek 357 5/27/85 Mouth of (ayfon Creek -356 Angler +1
7/02/83 Hungry Horse Creek 322 7/05/85 Hungry Horse-Creek 374 ‘Trap -
6/30/84 Hungry Horse Creek 336 6/13/85 Hungry Horse Oreek 364 Trap -
6/30/84 Hungry Horse Creek 392 7/01/85 Hungry Horse Creek 398 Trap —
6/30/84 Hungry Horse Creek 366 6/28/85 Hungry Horse Creek 374 Trap -
7/07/84 Hungry Horse Creek 367 7/04/85 Hungry Horse Creek 375 Trap -
7/01/84 Hungry Horse Creek 382 6/28/85 Hungry Horse Creek 373 Trap -
7/01/84 Hungry Horse Creek 370 6/18/85 Hungry Horse Creek 373 Trap -
7/01/84 Hungry Horse Creek 380 6/26/85 Hungry Horse Creek 393 Trap -
7/07/84 Hungry Horse Creek 372 5/27/85 Hungry Horse Creek -380 Angler -
7/04/84 Hungry Horse Creek 370 6/28/85 Hungry Horse Creek 377 Trap -
7/04/84 Hungry Horse Creek 290 7/01/85 Hungry Horse Creek 324 Trap -
7/05/84 Hungry Horse Oreek 350 7/01/85 Hungry Horse Creek 360 Trap -
7/07/84 Hungry Horse Creek 403 7/07/85 Hungry Horse Creek -381  Angler -
7/06/84 Hungry Horse Creek 369 6/25/85 Hugnry Horse Creek 370 Trap -
7/06/84 Hungiv Horse Creek 387 6/19/85 Hungry Horse Creek 396 Trap -
7/08/84 Hiungry Horse Creek 376 7/02/85 Hungry Horse Creek 377 Trap -
7/08/84 Hungry Horse Creek 323 6/29/85 Hungry Horse Creek 343 Trap -
7/09/04 Hungry Horse Creek 365 6/23/85 Hungry Horse Creek -368 Angler -
7/10/84 Hungry Horse Creek 399 5/27/85 Hungry Horse Bay -393 Angler 0.5
7/11/84 Hungry Horse Creek 332 7/03/85 Hungry Hor se Creek 3.15 Trap -
7/11/84 Hungry Horse Creek 376 6/30/85 Hungry Horse Creek 380 Trap -
7/11/84 Hingry Horse Creek 382  2/22/85 - - 400 Angl er --
7/12/84 Hungry Horse Creek 350 5/22/85 Hungry Horse Bay -330 Angler 0.5
7/13/84 Hungry Horse Creek 359 5/27/85 Hungry Horse Creek -360 Angler -
7/14/84 Hungry Horse Creek 379 6/27/85 Hungry Horse Creek 386 Traip -
7/16/84 Hungry Horse Creek 375 6/25/85 Hungry Horse Creek 381 Trap -
7/16/84 Hungry Horse Creek 410 6/26/85 Hungry Horse Creek 411 TraF -
7/17/84 Hungy Horse Creek 380 5/22/85 Hungry Horse Bay -356 Angl er 0.5
7/20/84 Hungry Horse Creek 344 7/05/85 Hiungry Horse Creek 353 Trap -
7/20/84 Hungry Horse Creek 399 6/23/85 Hungry Horse Geek --~ Angl er --
7/23/84 Hungry Horse Creek 403 5/27/85 Hungry Horse Bay -397 Angler -
7/23/84 Hungry Horse Creek 373 7/13/85 Hingry Horse Creek 315 Trap --
7/24/84 Hungry Horse Creek 420 7/12/85 Hungry Horse Creek 375 Trap -
6/28/85 Hungry Horse Creek 393 7/20/85 HHR - Elk Island -—~ Angler +18.8
7/11/85 Hungry Horse Creek 378 8/17/85 HHR - Miurray Arae -305 Angl er +18.8
5/02/84 HHR-Sullivan Area 255 7/04/85 HHR- log | anding -356  Angler 0.5
9/25/84 HHR-Sullivan Area 362 8/18/85 HHR - Sull. Area 370 Angler -2.9
9/25/84 HHR-Sullivan Area 261 6/14/85 S.Fk.R., between -305 Angler +22 .7

Sp.Bear & Twn Cr.



Appendix G4, {coontinyed)
TAGGING DATA RETURN DATA
Method  Distance
] Length Lengt h of Moved
Dta Locati on nm_ [Dae Locti on recapture _ km
5/20785" HHR-Sullivan Area ~ 420 6/20785 Sul | i van CTeek “406 Angl er 6.4
6/30/84 HHR-Sullivan Area 352 5/31/85 Mouth of HH Ceek 354 Angler 0.5
7/107/84  HHR-Sul livan Area 364 6/1/85 HHR - Riverside Bay 362 Angler +15.1
7/01/85 HHR-Sullivan Area 380 9/02/85 HHR - Fire Island - - Angler +9.5
7/09/85 HHR-Sullivan Area 374 10/5/85 HHR - Lid Creek 380 Angler +10. 4
5/02/84 Hungry Horse Creek 336 8/25/85 HHR - Riverside Bay 315 Angler -26.4
5/02/84 Hungry Horse Creek
5/28/85 Hungrv Horse Creek 304 7/21/85 S.Fk.R -near Soldier O. 313 Angler +20.8
5/29/85 Hungry Horse Creek 378 7/07/85 Weel er Creek 387 Angler 0.5
7/18/84 Forest COreek 285 5/17/85 HHR - Murray Area 322 GN -22.7
7/30/84 Sullivan Creek 147 5/14/85 HHR - Sullivan Area 168 G N. -6.4
6/12/84 Hungry Horse Creek 378 8/16/85 HHR - Flossy Creek -330 Angler +16. 1
7/17/84  Forest Creek 252 5/27/85 HHR - Lid Creek -406  Angl er -31.0
6/17/85 S.Fk.R - 2mi below 285 6/30/85 sane as tagged --- Angler o
Sp. Br. Riv.
6/17/85 S.Fk.R - nouth of 286 6/17/85 sane as tagged - - Angler
Sp. Br. Riv.
6/06/85 S.Fk. R.B - Rfuth of 360 6/14/85 same as tagged Angl er
sp. Br. Riv.
6/12/85 S.Fk.R - mouth of 325 6/29/85 S.Fk.R - nmouth of -337 Angler
L. Twin Creek L. Twin Creek
5/28/85 HHR - Sull. Area 324 7/27/85 S.fk.R - bel ow =292 Angler +28.0
mai n Rd. Bridge
5/29/85 HHR - Sull. Area 365 7/01/85 Sp. Br. Riv. -351  Angler +34.3
6/20/85 Hungry Horse Creek 372 10/13/85 HR Devils 303 Angler +42.8
Corkscrew Cr.
6/15/85 Hungry Horse Creek — 362 7/07/85 Hungry Horse Creek -330 Angler
7/19/84 Spofted Bear River 253 7/06/85 same as tagged -330 Angler -
7122/ 84 Forest Creek 305 6/30/ 85 Hungry Horse Creek 345 Trap -41.5
DV
5/20/85 HHR - Sull. Area 357 6/22/85 S.FK.Rv
near Sol dier Cr. -343  Angler +20.8
5/22/85 HHR - Sull. Area 550 7/26/85 S.Fk.Rv - --- Angler +49.9
pool bel ow gorge
5/29/85 HHR - Sull. Area 611 7/01/85 S.Fk.Rv - -737  Angler +49. 2

at foot bridge




Append i x Gb.

the Flathead River (SFFR in 1985.

Tagging and return information for westslope cutthroat trout tagged in the upper South Fork of

TAGGING_DATA RETURN DATA
Length
Date Location _m_ e Location__
*******************Adults******************

7117/ 85 SFFR Near Black Bear Creek 294 772785  SFFR Near Bal ck 3ear Creek
7718785 SFFR Near Black Bear Creek 252  8s9s85  SFFR Near Bl ack Bear Creek
7/18/85 SFFR Near Bl ack Bear Creek 321  8/6/85  SFFR Near Black Bear Creek
8/5/85  SFFR Near Black Bear Creek 307 9r72/85  SFFR Near Bal ck Bear Creek
7/19/85 SFFR Near White River 300 SFFR Near Wite River
7/17/85 SFFR Near Witie River 350 8/20/85 SFFR Near Wiite R ver
7/19/85 SFFR Near Wite River 300 8/8/85  SFFR Near White River
7/19/85 SFFR Near Wite River 260 8/21/85 SFFR Near CGordon Creek
7/18/85 SFFR Near Youngs Creek 284 8/15/85 SFFR Near CGordon Creek
7/19/85 SFFR Near Youngs Creek 253  8/15/85 SFFR Near Youngs Creek
7/19/85 SFFR Near Youngs Creek 344  8/15/85 SFFR Near Youngs Creek
7717785 SFFR Near Black Bear Creek 225 8/11/85 SFFR Near Bl ack Bear Creek
7717785 SFFR Near Black Bear Creek 222  8r16/85 SFFR Near Bl ack Sear Creek
7718785 SFFR Near Bl ack Bear Creek 250 8s9s85  SFFR Near Black Bear Creek
7718785 SFFR Near Bl ack Bear Creek 243  8sos85  SFFR Near Black Bear Creek
7119/ 85 SFFR Near Black Bear Creek 250 89785  SFFR Near Black Bear Creek
8/5/85  SFFR Near Black Bear Creek 222  8s11/85 SFFR Near Bl ack Bear Creek
7/18/85 SFFR Near Black Bear Creek 246  8/3/85  SFFR Near |ndependence Park
7/19/85 SFFR Near Black Bear Creek 203  8/21/85 SFFR Near |ndependence Park
7/19/85 SFFR Near Black Bear Creek 225 8/7/85  SFFR Near |ndependence Park
8/5/85  SFFR Near Black Bear Creek 220 9/16/85 SFFR Near Sig Prairie
7/19/85 SFFR Near Youngs Oreek 246  8/15/85 SFFR Near Big Prairie

_m

Met hod

Lengt h of

recapture

Angl er
Angl er
Angl er
Angl er
Angl er
Angl er
Angl er
Angl er
Angl er
Angl er
Angl er

Angl er
Angl er
Angl er
Angl er
Angl er
Angl er
Angl er
Angl er
Angl er
Angl er
Angl er

Di stance
Mbved

__km

o)l ocooocoocoo
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Appendi x H1. Rel ati onshi p between fl ow (cfs) and vel ocities

at the upstreamand downstream ends of Harris and
McNernie creek culverts in 1984 and 1985.
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Appendix H2. Relationship between flow and velocities at the upstream
and downstream ends of Murray Creek cul vert for 1984 and
1385.
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Apoendix 93. Relationship between flow and velocities at the

upstream and downstream ends of Logan and River-
side creek culverts in 1984 and 1985.
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